H 0 176) 
G6 
#219 
Division of Agricultural Sciences 


UNTVER SET ¥ OF CALIFORNIA 





ECONOMIC EFFICIENCY IN 
ASSEMBLY AND PROCESSING 
LIMA BEANS FOR FREEZING 


Robert H. Reed 





CALIFORNIA AGRICULTURAL EXPERIMENT STATION 
GIANNINI FOUNDATION OF AGRICULTURAL ECONOMICS 


Mimeographed Report No. 219 June, 1959 





TABLE OF CONTENTS 


FOREW ORD ° e e e s ® . e ° ° e s ° ° 6 e ° ® e eo oJ s ° ° ° e 
ACKNOWLEDGEMENTS e e e e e ° e e eo e e . e e J e e oO ° e e e ° s 


SEE, 5 odo Sle «eA He ee 68d 0 0! ee eee as 
SGUPCOG OF DACA. « + 6 be 6 eels 0 0 0 hee ww ee 8 
PEOGuCGLGn GeemeerGe 4. sis. 8 + 0 obs 0S oe eee 8 8 8 
Estimation of Costs . 2... eecceveveeeevneses 

Variable Costs ..s«sesceeseveevevnevenee 
Investment Replacement Costs .....s+s-see-ecerse 
Total Annual Costs 1... ee severe snenvevee 


OPERATING STAGES AND COST COMPONENTS » ese ee ese eres 


ANALYSIS OF STAGE TECHNIQUES AND SYNTHESIS OF COST RELATIONSHIPS 
CS Se a ae ae ee ae ee ee oe cer eae ee | 
Viner to Plant Transportation .....seceseseeesee 
Receiving, Initial Cleaning, and Initial Quality Grading. . 
Blanching and Second Quality Grade Separation ...-e+-e-ee 
Visual Inspection and Manual Quality Separation ... . « » 

Sorting Costs 2 ..«.+s++sceevvsrevere ec ev eveve 
Pecheawing or Paling 6 6.6 0-6 6 6 296 es © 8 4 8 wh oe 8 
Estimation of Packaging Costs . . «+ «© « » ee ee © oe 
Variable Costs ...e«seeesevecere eevee 

o Annuel Fixed Cost . «2... e+e seecee2e ce eevee se 
Total Annual Packaging Costs ...««-+-e-++ecece 28 2 » 
CASS eild kes. 6 6 Ese Ole eel, oe eae el oe Wau 6) 6 ele « S 
Annual Fixed Costs ...++++c «ese ce se eee 
Annual Variable Casing Costs «+ « «+«-e«ee-ec eee 
Total Annual Casing Costs . . . » «6 «eee ece eee 
Variable Water Inputs and Costs ...sc+«-++e«+ee-e-eeree 
Freezing and First Month's Storage . . + «+ «+ «© © « «es ee « 


In-Plant Transportation of Cased Goods and Packaging 
Materials os e e é e e ° ° e e e ° e ° e a o e e ° ° °o e ° e 


iii 


iv 


Pos Vi UW Ny ee 


BwBAYS 


61 


+. Se Sa Bear eae Y, re ees: 4, .’ Jhaéd ee ee i oka side nes fase ahd Tee ate Ph 


aryarwon 80 MIEN 


r JMeES eta os 
bi GAOWEROG 
ak ooo 2 ee SPR a le ae Roe ee Oe ek Ae eR hk Pee x 
. oe ie 15g 
ae, Stet ks 
‘eae la 


ee eee ee ae ee ee a ee ee ‘ormuananet 
6a Bele + ols «tee. Se eae WES w+ 8k ata to scorned 
eer ee 
ee See ee? oy gg es Se oe Ye Bee ae ee adeod to aohtembted 
oe eee + 89809 afdstueV 

ee ee es ee ee © ee og «  BFAO0: SromereigeH Ireutseral 

+ 0 + wig 6 6 6 0 eee ws aw eles + ORO LeunnA Tegor 


SB ke Mm TH Dh oR 
* 
. 
J 
. 
> 
. 
* 
* 
* 
e 
. 
+ 
Ly 
¢& 
. 


3 


Se ae ee SM "emrioRo0 nec0 ama ema wertamo 


By afl 


. » @YPHOVOTTAIG TcGD 40 araanmiva ova _asignmoat avivie, 50 ato yIAWA 


wu 
ea ee 

. 

* 

* 

a 

* 

* 

> 


8 
5 CP ENR ee ee Cee ce ee ke to gbelY 
ys t0 dle ee Oy alee oe 0 wt GObasroqeeeT saahl oF reek 
cl. 3.» yuthesd ydtieup Lattiol Bae .gatneei) Leltvial .anivisast 
RS ee ee ee F HObbatEGSE ebeRD vELiev9 baose® Ace sabionald 
ys «ee ne eo oe ROhtmreESs yFtLsnP Lesa brs. aottoagant devel¥ 
ae oe aE Lp S5 whe tht Wee ete etd rs « 85800 gulsxod 
FE ee oe 2 Vw GOS rae pie oe < BREE SEE Gey gi bmetbet 
tab eee ob a 4 ee » BdBO8 Balgedonl to coftentiea — 
te te tee ote ee eH nee ae 2 atB0N ofdekrey 
ep io ete nak p Aa ge eee 6 eet See beet Lane. 


rt Mae 


i 

i) 

sia 

Du aan 

vH pe Coaa'gd Ste re i se ae 
RRs 9S EAD ie le SM eee tae bexlt fartanA 

oe ed Bie. a> ee 6 ow. pe eee ee . #200 gained Lecisak tasor 

8e ee es oe? ade00 Bao atugot vote afde trav 
od ee er i. 9Bes0ds e'dtnoM Jaxt% bas gatsosyt 


| : gclgedont fad pee hoasd to nohtedrogeney? taefT-cil 
\ is 0. Oe eel Chie Oe © eee ole 6 eel ee oe be ie oe | ERE taM 








ii 


Investment Cost of Plant Buildings, Water Piping, and 
Ele etri eal Wiring ° . e e e e e e oO * e . e e e ° s e e e e e e 64 


PL ant Bui lding s e e . e e e e ° ° 2 © ° . e e ° ° e . . e e 64 
Electrical Power Distribution ....1-2-.ccceveccceve 68 
Water Supply Sy Be ete as 6a) 6a ee. oe eR Se ote 7O 


Summary of Building, Electrical Wiring, and Water 
Supply Co st 8 s e cd e s s se e . ° es . e . e °o ° e ° a ° s ° ta 


Supervision and Miscellaneous Labor ....+.«-e«coevcecerece 73 
Administrative and Office Costs ....«e«-seerecsee2eveeee 1D 
Miscellaneous Equipment ....-e-eecervsr ec cveeeeees 75 


TOTAL FIELD ASSEMBLY AND PLANT COSTS . 6... «+e 2 0 e 0 © @ © @ TT 
Separate Planning Costs for Field and Plant Activities . . ... 78 
Combined Planning Costs for Field and Plant Activities ..... 81 

Integration of Field and Plant Operations »« . .+ «see 81 
Problems of Flexibility ...esceccsssrcsrsvrvrere 84 


The Planning Equation for Combined Field and Plant 
Proce ssing Activities e e e e e . ° e ° © ° e ° e e ° . s ° 85 


Economies Related to Size of Plant and Length of Season . . 86 
The Effect of Distance of Haul . 2. +e ee eee eee oe 89 
Effect of Percentage Manual Grade-Out . . « © «© + © © #© & © 91 
Effect of Style of Pack « © «+ » » e+e se ee ee eo © © o 91 


SUMMARY e . ° ° e e ° e e e e ° oF e ° e ° ° e ° e ° . ° e e e e & e e 93 


APPENDIX A, TABLE 1: Summary of Installed Equipment Replacement 
Costs, Lima Bean Freezing Plants, California, 1958 ...-.c+se-eeee 97 


APPENDIX A, TABLE 2: Summary of Labor Production Standards for 
Jobs Performed in Processing Lima Beans for Freezing, 
Cali terte, 2 0Se a ek oe ee ee a a ee 8 we ee 8 et 99 


APPENDIX B: The Minimum Cost Combination of Hours of Operation 
and Rates of Output of Field and Plant Operations in Processing 
Lima Beans for Freezing » . « « «+ + «22s eee ee © © 0 oo @ 2 101 


APPENDIX B, TABLE 1: Minimum Cost Combinations of Hours 

Operated and Rates of Output for Field and Plant Operations 

in Processing Lima Beans for Freezing--Three Lengths of 

Season, California, 1958 e e e o ° ° e s o e ° s ° ° e ° o es s ° ° e 106 


LOL 


* 


GOL 


0 -&- 46)-8 8-6 4 Ae WE hee <b! 4 H, je katy fastadoert 


SA Te RL a te eet eee iat, Sal Wer 
y ‘ Eee vs % ha s ¢ 


fae .palglT astall eEribiind tasil to: #3200 SeBeie ows oes 


Gob Cee, 6k ee wees! even ees epndbt buf trait 
ot eee + oe OS s RORIUEL ORES tows! Laolisoerl 
ae Se ha? 9 geee ie E Vee ee ‘ea ace ve Yslequa ~s26W 


tote! fas ,piltlW fackstoel®: .galhb! tye® ic: yratave 
@ 5.8 658 Veer On he e eee cw eK: © Re mee etec) yleque 


oe aoe © 8 6 eo oe +) MOURT aosmetieoouth hus aofafvisgie 
eo ae See 6) 0 oe Oe ee ea Baad SA EVI hawt ‘ev Es 1Fot0 chen * 
. Teen en Wot ee ee oe ee ee er. TU Wo a Ue eee Soemg fupd. svescalfosa IN 


MONE EP arteries! pie ee 4 CMA YIEMSSCA Gare JATOR - 
os sens LvEten ties. bas SLai%- sot etaod snines !T etereqas - 


- « « SSitivitos Jnslt. fas Hiakt. stot steod scene LentdinoD 


a s&s 


“et anottaredd) dHelt Sage Distt. to sotvetgsial - 
2. 8) OSE Ne | 8) Ce oe 8 © -@ Pies *%o srrbldoxt i 


gael% bos blelt heajdmo3 -o% no tseuph gatna ss edt - 
Af Bie re 8 Fe ose) Rees les seltiv isos “nls 2 SOoKS ‘ 


noess? to .Atyaed, Ste Ioald. To osiS of: bsteflai astimacd 


6 


16 6 ee oe ww ee 6 SESH Bo soneteid to sostti aif s 

. 3 ’ . 2 ’ * 5. tO; sbaxd Saya aygatieorss to Rpers iae tal 

te ee 6 oo ep wee « 9 Bet To obgte to souTta ee 
te eae. ee sale ee ee Bele es ew. ew cae ae ee 


Snauoceigeh taenpkyph belfetedl to. yrasieiet ot SHAT ,A XTQOEMA 


ee oe oe >) COL .ehotothiad..ctaslt gatsesst used sant es20) 


10t abtebast®-colgonbor’ modak: to yreamine <G A002 - A Rens 


,aulssoxt tok angel salt gatadepord of: heirs adot 


8g ene eo eRe es ee a bee” ale bat 9 SMD ae eIOR LEED 


nottereq? to..2tupH Ao -nosteaidiaod te00 cumin? en? i wierta 


‘gokeeooo wd al ecobtarsg®: doef fos. hfert. re- tigi Yo aetad bas : 


Ct Cae Oe ee ee toe e RUESORET TOE BanOe Ambt 


a1uO8 Fo-eaaitven tino) tecd otmm bt - { QagAr RIGHT * 
anoldarsep t$pati foe. bfolT xi: trode Pi 993651 Srp Bedarreqt At 

to aligess aeadl--gainsovl apt-sdeey SmiF- eee ard ixk- 

Pe oe age el te ee et a ce ec te nest 








iii 


FOREWORD 


This is the fourth in a series of research reports by the University of 
California on the competitive position of the western frozen fruit and vegetable 
industry being conducted under a regional research project by the Agricultural 
Experiment Stations of the states of California, Oregon, Washington, and 
Hawaii in cooperation with the Agricultural Marketing Service, U. S. Department 
of Agriculture. 

Previous reports in this series by the California Experiment Station have 
dealt with a survey of the industry on the Pacific Coast, costs and efficiency 
in processing California strawberries, and regional production trends and 
costs in the major strawberry producing areas. 

The present report concerns economic efficiency in the processing and 
assembling of Lima beans for freezing. It is based on studies of operations 
in California frozen fruit and vegetable plants made in 1957 and 1958. Future 
reports will include additional studies of processing plant costs and effi- 
ciency, freezing costs, demand and price relationships of frozen fruits and 
vegetables, and interregional competition in the industry. 
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ECONOMIC EFFICIENCY IN ASSEMBLY AND PROCESSING 
LIMA BEANS FOR FREEZING 


by 
Robert He Reeal/ 
INTRODUCTION 


Of the many factors affecting costs of preparing Lima beans for freezing, 
the most significant are the methods used at particular stages of harvesting and 
assembling raw product and in processing plant operation, the quality of raw 
product, style of pack, rate of plant output, and length of operating season. 
This report is designed to show how variations in these factors affect the 
cost of processing Lima ee to provide a basis for comparing alternative 
methods of operation, and to present data useful in plann@ng new construction 
or changes in existing facilities. It is also intended to furnish data for 
incorporation in a later study of multiple-product plant operations and to 
contribute to future studies of interregional competition among fruits and 
vegetables processed by freezing. 


Sources of Data 


Data on labor and equipment utilization were obtained through processor 
interviews; time and production studies of actual plant operation; and 
analyses of operating and accounting record data, equipment inventories, and 
plant layouts in 10 California Lima bean freezing plants in 1957 and 1958. 
Eight of these plants processed both Fordhook and Baby varieties, while two 
specialized in the latter variety. Capacity output capabilities in these 
plants ranged from approximately 5,000 to 30,000 pounds per hour of operation. 


1/ Agricultural Bconomist, Agricultural Marketing Service, U. S. Department 
of Agriculture, and Associate in the Agricultural Experiment Station, College 
of Agriculture, University of California. 


2/ The term "processing" as used in this report includes all the activities 
involved in handling, preparing, and freezing Lima beans. 
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Supplementary data for certain job and equipment categories were obtained from 
seven plants processing strawberries. Data concerning equipment replacement 
costs and operation were developed from information obtained from major equip- 
ment companies, custom manufacturers, and contractors. 


Production Standards 


The development of production standards for labor and equipment was com- 
plicated because most of the plants studied processed both Fordhook and Baby 
Lima bean varieties. Each Fordhook bean averages from 2 to 2-1/2 times larger 
than the Baby Lime variety; and, consequently, most of the processing equipment 
will handle slightly higher capacities of the latter type. All in-plant produc- 
tion standards used in this study are for the Fordhook variety, except for the 
hand-sort operation where the standards are in terms of the Baby Lima variety.+ 
The differences in standards are slight, however, and have negligible effect 
on the labor and equipment requirements used in this report. 

The work standards in this study do not represent peak performances of 
the most efficient workers. Instead, they represent a level of job performance 
that could be maintained by typical workers in plants organized so as to result 
in minimum unavoidable delay. Since excess delay on individual jobs was ob- 
served in most plants, these standards exceed the average level of performance 
observed in actual plant operation. They tend to fall about halfway between 
the observed average of rates actually attained and the highest individual 
performance rate = 

Production standards for labor were derived from production and time stud- 
ies wherever this technique was applicable to measure unit time required to 
perform a given operation. This involved estimating net time expended in actual 
performance of the operation as well as the minimum additional allowances for 


1/ On an equal weight basis, 100 Fordhook beans are on the average roughly 
equivalent to 284 Baby Lima beans. 


2/ For a detailed discussion of work measurement methodology, refer to French, 
B. C., L. L. Sammet, and R. G. Bressler, "Economic Efficiency in Plant Opera- 
tions with Special Reference to the Marketing of California Pears," Hilgardia, 
vol. 24, no. 19, July, 1956. 


See Also Sammet, "Economic and Engineering Factors in Agricultural Proc- 
essing Plant Design" (unpublished Ph.D. thesis, University of California, 


Berkeley, 1958). 
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unproductive time, such as rest periods, unavoidable delays, and personal 

time, For example, production studies of the job of setting off and palletizing 
cased Lima beans indicated net working time--including necessary miscellaneous 
operations—-averaged 0.1093 man-mimutes per case. With additional allowances 
amounting to 15 per cent of the total work time, estimated gross unit time per 
case was 0.1286 man-minutesper case. This is equivalent to a "standard" pro- 
duttion rate of 467 cases per man-hour. 

For jobs are not adapted to measurement by time and production studies, 
operating and accounting record data were used to establish work standards. 
Jobs in this category include geet; spelen jobs, supply men, utility workers, 
housekeeping, and hand-sort workerse= 

Equipment standards, reflecting capacity output rates, were developed 
from studies of plant record data, production studies of actual operations, 
specifications of equipment manufacturers, and processor interviews. Supple- 
mentary equipment data, such as motor horsepower and operating and service 
requirements, were obtained as a basis for calcubating operating inputs. 


Estimation of Costs 


Variable Costs 


Variable costs include expenses for labor, materials, electric power, 
variable repair costs, and other expense directly related to volume of out— 
put. Labor costs with each method and output rate considered were calculated 
by applying typical wage rates fo estimated crew requinenbntes” 

The method of estimating other variable costs, such as electric power, 
fuel, water, steam, packaging materials, and variable maintenancey—related to 
methods used and equipment requirements at capacity rates of output--are set 
forth in appropriate sections of the analysis that follows. 


1/ Based on 2-10 ounce cartons per case. 


2/ See page 27 where accounting and operating data are used in the 
devélopment of hand-sort standards. 


3/ Current wage rates of the Collective Bargaining Agreement between the 
Frozen Food Operators and the California State Council of Sannery Unions were 
used in calculating labor costs. The wage rates used were increased 6 per cent 
to allow for employer payroll contributions such as social security, paid 
vacations, and fringe benefitse 
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Investment Replacement Costs 


Installed equipment replacement costs with different methods of operation 
and rates of output were calculated by applying cost rates obtained from equip~ 
ment manufacturers and contrattors to the estimated quantities required of each 
equipment item. Replacement costs of building and industrial piping and wiring 
are based on engineering estimates of the costs of constructing or installing 
required quantities of these services. The physical quantities in relation to 
plant capacity on which these estimates are based were developed in studies of 
Space requirements and equipment layout in efficiently organized plants. These 
costs were estimated during the first quarter of 1958 and reflect the price 
level prevailing at that time. 

An annual fixed charge, expressed as a percentage of equipment replace~ 
ment cost, was used to reduce replacement cost to an annual basis. These 
charges include allowances for depreciation, taxes, ansurance, interest on 
investment, and fixed repairs and maintenance. 


Total Annaal Costs 


Estimation of total annual costs was facilitated by combining closely 
related processing operations into several operating stages or components and 
making separate analysis of eache= Total annual costs for each stage, related 
to methods used, hourly rates of output, and length of operating season, were 
calculated by multiplying the hourly variable cost by the hours operated per 
season and adding the annual fixed charge. These cost estimates pravide the 
basis for comparing relative costs of different methods of operation and toe 
selection of the most efficient organization for each stage of processinge— 


1/ An operating stage comprises a series of closely related activities 
diréctly involved in the physical handling or processing of the product. 
Examples are vining, cleaning, blanching, maturity grading, visual inspection 
and grading, packaging, casing, freezing, etc. General cost components include 
cost that are not directly related to a specific operating stage. Examples 
of general costs include supervision and miscellaneous labor, plant administra- 
tion » Stee 


27 Efficient organization as used here involves the selection from among 
alt@rnative methods or techniques, that combination which will result in least 
cost for any given output rate (size of operation) and length of operating 
Seasons 
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Ageregation of costs representing effieient stage organization, along with 
general cost components not associated with specific operating stages, gives 
total annual cost for the entire plant and field processing activities. These 
costs, related to size of plant and length of operating season, comprise the 
total annual cost of processing Lima beans with efficient plant and field 
organization. They are not the costs of a particular plant or plants. Rather, 
they express costs with attainable levels of efficiency for any volume of out- 
pute Total annual costs developed in this manner are referred to as long-run 
or planning costs. They are particularly useful in economic analysis of plant 
costs and to management as an aid in planning new plant construction or changes 
in existing facilities. 


OPERATING STAGES AND COST COMPONENTS 


The principal steps in the preparation of Lima beans for freezing-—including 
both field and plant operations—are illustrated in the product flow diagram 
(Figure 1) and the plant layout drawing (Figure 2). 

The field operations consist of vining or shelling the beans and trans— 
porting them to the receiving station of the freezing plant. Some of the 
initial cleaning operations may also be accomplished at the vining site. At 
the freezing plant, the product is pumped, flumed, or otherwise conveyed from 
the receiving station through a series of in-plant operations. These include 
initial or additional cleaning, quality separation, blanching, visual inspection 
and manual quality grading, filling or packaging cartons or containers of 
various sizes, wrapping or labeling, freezing, casing, and warehousing. 

The operations performed in most processing activities can be accomplished 
by one or more alternative methods. Simce estimation of the relative costs of 
alternative methods of operation is facilitated by combining closely related 
operations into several plant operating stages or components, field and plant 
operations have been classified into 10 operating stages and general cost 
components. The operating stages include: (1) vining; (2) transportation to 
plant; (3) receiving, initial cleaning, and quality grading: () blanching and 
second quality grading; (5) visual inspection and manual quality grading; (6) 
filling and packaging; (7) variable water costs; (8) casing; (9) freezing and 
initial storage; and (10) in-plant transportation of cased goods and packaging 
materials. General cost components include: (1) investment cost of plant 
buildings, water piping, and electrical wiring; (2) supervision and miscel- 
laneous labor; (3) plant administration; and () miscellaneous equipment. 
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Figure 1. Process Flow Diagram for Frozen Lima Bean Processing. California, 1958. 
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Figure 2. Lima Bean Freezing Plant Layout, Capacity 5 to 6 Tons per Hour. California, 1958. 
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The remaining sections of this report deal with analysis of the above 
operating stages and general cost components and a blending of the results in 
an analysis of the over-all costs of assembling and processing Lima beans for 
freezing. 


ANALYSIS OF STAGE TECHNIQUES AND SYNTHESIS OF COST RELATIONSHIPS 


Vining 


Vining or shelling Lima beans in California usually involves one of two 
types of operation——-mobile or stationary. In mobile vining a self-propelled 
unit operating as a combine harvester moves through the fields. Under the 
stationary system, the vines in the various fields of the area are cut and 
drgper-loaded into trucks for-transportation to the vining station which is 
normally located in the center of a production area. 

Three methods of stationary vining--classified according to their degree 
of mechanization—were analyzed in relation to the amount of labor and equip- 
ment required at various rates of output and length of season. 

In the least mechanized stationary operation considered—Method A~—viners 
are arranged in a series of parallel pairs with approximately 6 feet between 
pairs. Vines are delivered by truck and dumped adjacent to the viner from 
where they are hand-forked onto the vine feed conveyor which moves them into 
the beater cylinder. Shelled beans drop through perforations in the revolving 
screen reel to a rotating canvas apron and are collected in cannery lug boxes 
from the viner delivery chutes. The lug boxes are picked up as they are filled 
and dumped by workers onto a main assembly conveyor which delivers them to a 
shaker-separator for additional trash separation. The beans pass through the 
shaker into a bulk-receiving container, which is transferred by lift truck to 
a delivery truck for delivery to the plant receiving station. Additional 
cleaning or washing operations and icing may occur at this point. The vines 
are discharged from the viner screen reel onto a straw carrier which deposits 


1/ For bulk hauling, the bulk-receiving container may be picked up by the 
lift truck and dumped into the truck bed by operating a trip-lever device 
installed on the receiving hoppers 
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them in an ensilage trench. A standard 2=plow tractor equipped with a loader 
frame assembly is used to group vines for the fork workers and to spread or 
redistribute piles of vines collected in the ensilage trench, 

In the second and more mechanized method sStudied—-Method Be-labor is 
reduced, and the rate of output per viner is increased approximately 20 per cent 
by the installation of power forks and vine feed regulators, The increased 
output per viner is primarily attributable to the vine feed regulator which 
results in a more even flow of vines to the beater cylinder and more effective 
effort on the part of the fork worker. With this additional equipment, one 
worker can supply vines to two viners rather than one and at a faster rate per 
viner., Other labor and equipment, requirements are the same as for Method Ae 

In the third and most mechanized of the stationary vining operations-— 
Method C--the equipment of Method B is supplemented with a side-delivery con- 
veyor installed under each viner delivery chute. The beans thus are conveyed 
directly to the main assembly belt eliminating lug-handling labor, 

In the mobile vining operation, self-propelled units with driver and 
attendant replace the vining station labor and equipment. A beater cylinder, 
Screen reel, apron, and frame of a standard viner are mounted on a chassis 
with wheel drive-—and-steering and propelled by a tractor engine. A sway-bar 
mechanism keeps the reel and apron in a level position during operation. The 
viner cylinder and auxiliary equipment are operated by a standard 4-cylinder, 
air-cooled engine. The mobile viner moves through the field and picks up the 
vines—-previously cut by the grower-—by a specially designed drum which feeds 
them to a conveyor leading into the beater cylinder, The groundsppeédd of the 
viner is regulated to obtain optimum pickup and feed of vines to the beater 
cylinder. The shelled beans are collected on a side-delivery conveyor and 
elevated through a pneumatic cleaner to a collection hopper. The hopper is 
hydraulically elevated, and the beans are dumped periodically into a bulk-— 
delivery truck for transfer to the receiving station of the plant, 

Production Standards.--Production standards for labor and equipment were 
developed from operating and accounting record data for each of the four 
methods studied. These standards are related to capacity output rates measured 
in shelled weight. Standards for machine=paced jobs--hand and power forking, 
lug handling, and mobile unit operators and attendants—-are directly related 
to the capacity rate of the viners. The average capacity output rate per sta~ 
tionary viner hour is 00 pounds with Method A, 475 pounds with Method B and 
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C, and 525 pounds per hour with mobile vininge Accordingly, the effective hand— 
forking standard~-with one worker per viner--was estimated as 00 pounds per 
worker hour. The power-forking standard--with one worker per pair of viners—= 
is equivalent to twice the viner capacity rate or 950 pounds per houre Simi- 
larly, the lug-handling standard is 800 pounds per worker hour with Method A 

and 950 pounds for Method B. As one operator per mobile viner and one attendant 
for every two mobile viners are required, the standard for one mobile unit is 
525 pounds per worker hour and 1,050 pounds for two units, Trucking standards 
for hauling vines from the field to vining station were converted to a shelled 
weight equivalent and related to the radius of haul. A standard of 880 pounds 
per truck hour, based on a maximum haul radius of 10 miles, was developed and 
used in this analysis. Standards for bulk-container attendant, lift-truck and 
tractor operation, and station cleanup are identical for each of the stationary 
vining methods and were estimated as 5,600, 20,000, and ,000 pounds per man 
hour, respectively. Field cleanup was estimated as 4,000 pounds per man~hour 
for all methods including mobile vining. Supevision for stationary operations 
consists of one crew supervisor and one general and field supervisor for all 
levels of output. One general supervisor is required for each operating group 
of 10 mobile viners, 

These production standards are the basis for the estimated crew and equip— 
ment requirements summarized for the three stationary vining methods——Methods 
A, B, and C--in Table 1. With Method A, for example, an hourly production of 
4,000 pounds of shell beans would require 10 forkers, 5 lug handlers, 2 cleanup 
workers, 1 lift~truck operator, 1 tractorman, 5 truckers for vine hauling, and 
2 supervisors. Major equipment requirements in this example would be 10 viners 
complete with auxiliary equipment, a main assembly conveyor, 1 shaker-separator, 
1 lift truck, and 1 tractor. 

The crew and equipment requirements, as well as data on wage rates, unit 
investment costs for equipment, and other cost rates given in Table 1, are the 
basis for the estimates of variable costs, investment costs, and annual fixed 
charges given in Table 2, Variable costs--with a given hourly output rate— 
can be estimated by applying appropriate wage rates to crew requirements and 
adding the variable costs associated with equipment repair, maintenance, power, 
and fuel inputs. In the above example, labor costs are $28.32, and power, 
equipment repair and maintenance, and vine hauling are estimated as $27.6 per 
hour of operation. Total hourly variable cost necessary to achieve 4,000 pounds 
output per hour using Method A is the sum of the above estimates or $5596. 
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TABLE 1 


Stationary Vining--Crew and Equipment Requirements in Relation to Methods Used 
and Hourly Rate of Vining Output, California, 1958 
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a/ Labor wage rates in dollars per hour and labor standards in powmds of shelled beans per man hour: Supervise and field, 
$2.25 per hour; 30,000 pounds per hour. Supervise crew, $1.60 per hour; 30,000 pounds per hour. Clean up, eid an 
station), $1.25 per hour; 4,000 pounds per hour. Haul vines (contract), $4.50 per hours 880 pounds per hour. Operate 
tractor or lift truck, $1.61 per hour; 20,000 pounds per hour. Attend fill, $1.25 per hours; 6,600 pounds per hour. 
Handle lugs, $1.25 per hours 800 pounds per hour with Method A and 950 pounds per hour with Method B. Fork vines, $1.25 
per hours 400 pounds per hour with Method A and 950 pounds per hour with Methods B and C, 


b/ Method A: Viners are complete with viner unit including strawcarrier--$3,090; apron scraper--$33; vine shaker--$135; 
undercarrier separator--$117; feed conveyor--$460; 15-horsepower electric motor with reduction gear and drive assembly--$860; 
and freight and installation--$500. Total cost per viner is $5,215. 


c/ Method B: Replacement costs are the same as for Method A except add to each unit a vine feed regulator--$365; and to each pair 
of viners a power fork hoist assembly--$807. Method Cc: Replacement cost identical to Method B except replace viner pea boxes 
with a side delivery conveyor installed beneath the viner delivery chutes. Converyor is 6 inches wide by 17 feet long and 
rides in a 2-inch channel equipped with V-type sideboards driven by viner reel--$280 each, installed. 

a/ Main conveyor electrically driven, frame of angle and channel iron construction with 4-inch wood sideboards, and steel rollers 
12 inches on center with return rollers to prevent sag. Cost of drive unit and conveyor frame is $347 for l-horsepower motor 
and drive plus $10.30 per foot of conveyor. First 100 feet of conveyor is of 24-inch belting, next 100 feet is 18-inch belting, 
and 12-inch belting thereafter. Belting is 4-ply rubber cannery type where cost is estimated by the relation: Cp = $0.41 (W)(L) 
where W is width of belt in inches and L is length in feet of conveyor. 

e/ Standard 4,000-pound capacity gas driven lift truck, pneumatic tires--$5,775 each, delivered. 

£/ Standard 2-plow tractor with 6-foot detachable loader frame assembly--$2,100 each, delivered. 

g/ Sieve type shaker, 2 screen, o.d. 3' x 12', with 1/2-horsepower motor and drive--~$1,460 each, custom built and installed. 

h/ Lug handling not required with Method C. 


i/ Lift truck operator attends fill for low output rates. 








TABLE 2 12 
e 
Stationary Vining--Variable Costs » Replacement Costs, and Annual Fixed Charges 


in Relation to Methods Used and Hourly Rates of Output, California » 1958 
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placement costs© 


it et Belting and Hp aa | Belting and 
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435,281 
505,474 


Annual fixed charges= 


Belting and Belting and Belting and 
Rate of vining | Equipm miscellaneous | Total quipme miscellaneous| Total quipm miscellaneous | Total 


p Method A Method B Method C 





a/ For wage rates and crew requirements, see Table 1. 


b/ Power requirements from Revised Cal. PUC Sheet No. 2891-E, Schedule PA-1, Agricultural Power, effective November 15, 
1957. Costs are approximately $0.012 per horsepower hour. Operational maintenance and repairs estimated as 0.5 
per cent of equipment replacement costs per 100 hours operations. 


c/ For replacement costs of equipment units, see Table 1. 
a/ Equipment: 16.5 per cent of equipment replacement cost includes depreciation--10 per cent; taxes--l per cent; 
insurance--1 per cent; interest on investment--3 per cent (approximately 5 per cent of undepreciated balance); 


and fixed repairs and maintenance--1.5 per cent. Belting: Charged at 25 per cent of belting replacement cost. 
Miscellaneous: Charged at 10 per cent of replacement costs of miscellaneous equipment. 


13. 


Replacement cost for any specified output rate is the sum of the equipment 
replacement costs and investment outlays. In the example, total outlay for 
major equipment items is estimated as $62,738. Supplemental outlays required 
for site construction, electric wiring installation, conveyor belting, spare 
motors, and repair parts are estimated as $4,092, giving a total outlay for an 
installation of this size of $66,830. 

An annual fixed charge of 16.5 per cent of the major equipment cost of 
Stationary vining includes: depreciation—1l0 per cent; taxes—~l per cent; 
insurance--1 per cent; interest on investment~-3 per cent (or approximately 
525 per cent of the undepreciated balance); and fixed repairs and maintenance-- 
1.5 per cent. The annual fixed charge for site construction, electrical wiring, 
and spare parts was estimated as 10 per cent of replacement cost, while the 
annual fixed charge for belting was estimated as 25 per cent of belting replace- 
ment cost. Site rental costs are included. Applying these percentages to the 
equipment replacement costs developed in the above example gave an annual 
charge of $10,352 for the major equipment items and $96 for the supplemental 
equipment including $92 for site rental. Combining the separate charges gave 
a total annual fixed charge of $10,848 for a Method A installation with a 
4,000~pound hourly production rate. 

With mobile vining, the procedure used in estimating crew and equipment 
requirements and costs parallels that used in developing these estimates for 
stationary vining, with the exception of the percentages used in estimating 
the annual fixed charge. The annual fixed charge for equipment used in the 
mobile vining operation was estimated as 17 per cent of replacement cost. The 
higher percentage reflects a greater annual outlay for fixed repairs and maine 
tenance attributable to higher costs of gasoline engine repair and overhaul 
and a higher rate of wear with the mobile equipment. Estimated crew and 
equipment requirements and costs for mobile vining are summarized in Table 3. 

Total annual costs related to rate of vining output per hour and length 
of season were calculated by multiplying the hourly variable costs by the 
hours operated per season and adding the annual fixed chargee In the example 
given above—-Method A, with h,000 pounds output per hour of operation~—variable 
costs totaled $55.96 per hour with an annual fixed charge of $10,8)8. For a 
season of 1,000 operating hours, total annual cost would amount to $66, 808— 
$10,848 plus $55.96 multiplied by 1,000. 

Calculations similar to those outlined in the preceding example can be 
made from the data in Table 2 and 3 for other hourly output ratesand lengths 
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Mobile Vining--Crew and 


TABLE 3 


Equipment Requirements and Costs 


California, 1958 


Crew requirements Variable costs Equipment requirements and costs 


Operate 
and 
attend 
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a/ Wage rates: Operate and attend viners--$1.50 per hour; field cleanup--$1.25 per hour; and field super- 
vision--$2 


25 per hour. 
b/ Fuel: Gasoline calculated at 3 gallons:per hou 
as $0.02 per hour per viner and truck. Variabl 
equipment replacement costs per 100 hours opera 


¢/ Includes mobile viner and service truck with we 
truck--$2, 200. 


a/ Includes depreciation=-10 per cent; insurance-- 


r per viner and truck at $0.21 per gallon. Oil estimated 
e€ maintenance and repair: Estimated as 0.5 per cent of 
tion. Includes mechanics! wages and supplies. 


lding unit. Replacement costs: Viner--$12,000; and 


1 per cent; interest on investment--3 per cent; fixed 


repairs and maintenance--2 per cent; and taxes--1 per cent. The total is 17 per cent of replacement 


cost. 


We 
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of season for each of the four methods Considered. The results--for three 
selected length of season—are shown in Figure 3 for hourly output rates up 

to 30,000 pounds per hour. Figure 3 then provides a basis for selection of 

the most economical method of vining for the three selected lengths of season 
illustrated. Similar comparisons could be made for lengths of season different 
than those shown. Study of Figure 3 shows that in a 500-hour season, mobile 
vining is the low-cost method for rates of vining output below 6,000 pounds 
per hour, while Method C becomes the low-cost method for all hourly output 
rates above that level. For season of 1,000 and 1,500 hours, mobile vining 
becomes the low-cost method for all rates of output considered, 

A useful generalization can be developed from total season costs like 
those given in Figure 3. This involves selection of the least-cost method with 
any given rate of output and length of season. The least-cost points so 
selected provide "planning costs" of the type previously defined and form the 
basis of a "planning equatione" Such an equation for the vining operation2/ 
is given below and is represented graphically by the heavy dashed lines in 
Figure 3, 


(1) TSC, = $3,929 + $2,633 (R) + $0.3691 (H) + $7.99 (R)(H) 
where 


TSC_ is the total season cost of vining in dollars, 
R" is the rate of vining output in 1,000 pounds per hour, 
H is the number of hours of vining operations during the season, 


For any given rate of output and length of season, equation (1) can be 
used to estimate total season vining cost with efficient organization. As an 
illustration, consider a vining operation operating at the rate of 10,000 
pounds per hour for a season of 1,000 hours. Total season cost for a vining 


1/ The equation shows the average relationship of annual costs to rate of 
vining output and length of season. It is computed to minimize the sum of the 
squared residuals between costs represented by the equation and the synthesized 
costs derived from Tables 2 and 3. The corrected multiple correlation co- 
efficient is 0.9997. This indicates the equation gives a very close description 
of the synthesized costs representing an efficient vining operation. It is not, 
however, a statistical measure of the validity of these estimates. Similar 
results were obtained in calculations of other stage cost relationships 
developed in this study. 
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Figure 3. Total Annual Costs of Vining Lima Beans in Relation to Methods Used, Rate of Output, and 
Length of Season. California, 1958. 
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operation under these conditions is estimated by Substituting for R and H in 
the above equation and Solving, that is: 


TSC, = $3,929 + $ 2,633 (10) + $0.3691 (1,000) + $7.99 (10) (1000) 
= $3,929 + $26,330 + $369 + $79,900 «= $110,528. 


Viner to Plant Transportation 


Costsof transporting Lima beans from the vining station to the plant 
receiving dock vary widely with respect to distance of haul, equipment 
capacities, and contractual arrangements. In California, Lima beans are 
hauled in bulk--by trailer or truck, or in tote bins. 

In most of the plants observed, the hauling was performed under contract 
with commercial trucking companies. Although the rates varied Slightly among 
Plants, most of the variation in transportation costs was due to the differences 
in tonnage per load and length of haul. To eliminate the effect of hauling 
charge differentials among areas, the 1957 schedule of rates listed in Minimum 
Rate Tariff No. 2 of the California Public Utilities Commission was used for 
establishing the costs used in this report. The rates in this schedule ap- 
plicable to hauls of 20,000 pounds minimum weight--as shown graphically by 
the light, broken line in Figure he=tend to level off as distance from the 
plant increases. A general expression relating truck-hauling cost per 1,000 
Pounds to distance hauled is shown by the solid line "smoothed" through the 
steps of Figure }. This line, representing a generalized rate-distance 
relationship, is defined by the following expression: 


where 
THC is truck-hauling cost per 1,000 pounds of shelled Lima beans. 


D is the distance from vining station to plant, expressed in 
logarithms (base 10). 


1/ Tote bins are wood containers approximately 4' x ht x \?, 
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Figure 4. Commercial Trucking Rates Based on Minimum Loads of 20,000 Pounds (Shelled Basis) — Viners to Plant Hauling of Lima Beans Pro- 
cessed by Freezing, California, 1958. 
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Total annual costs can be estimated by multiplying equation (2) above by 
the annual volume of Lima beans vined (1,000 pounds of vining output per hour 
times the number of hours operated per season). This relation is given by the 
planning equation below and is graphically depicted in Figure 5. 


(3) TSC, = $1.40 (log D) (R)(H) 
where 


TSC, is annual truck-hauling costs, 


D is distance from vining station to plant, expressed in 
logarithms to the base 10. 

R is 1,000 pounds of vining output per hour. 

H is hours of vining operation per season. 


This equation can be used to estimate the annual truck-hauling cost for 
any given rate of vining output, distance to plant, and hours operated per 
season. For example, the total annual cost of hauling for a vining operation 
of 10,000 pounds per hour, 20 miles from the plant, and operating over a 
season of 500 hours, is estimated by substituting these values for D, R, and H 
in equation (3) above and solving, that is: 


TSC, = $1.40 (log 20)(10) (500) 
= $1.40 (1.3010) (5,000) 
= $9,107 





Estimated total annual hauling costs for a plant operating under the 
conditions assumed is $9,107. This result can be read directly from Figure 5, 
by entering the figure at 10,000 pounds, the appropriate season length, and 
distance hauled (point A) and reading off approximate total season hauling 
costs on the vertical scale (point B). 


Receiving, Initial Cleaning and Initial Quality Grading 


Two methods involved in the receiving, cleaning, and initial quality 
grading of Lima beans--bin handling and bulk handling--are considered, 

With bin handling, the beans are normally subjected to an initial cleaning 
at a stationary vining site. After vining, the beans proceed on the main 
assembly conveyor through a pneumatic separator and are flumed to a series of 
straight-line washers equipped with destoning attachments. They are then 
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Figure 5. Total Annual Costs of Viners to Plant Transportation in Relation to Selected 
Distances and Vining Output Rates--Lima Beans Processed by Freezing, California, 1958. 
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conveyed into ht x h' x k' tote bins. When filled, these bins are set aside 
by lift truck for icing down and transfer to a truck for delivery to the plant 
receiving station. Whether or not ice is added depends upon distance to the 
plant and on the possibility of temporary storage at the vining station or 
plant. 

At the plant receiving station, and bins are set off by lift truck and 
either set aside to temporary storage or are placed directly on a cradle-type 
mechanical dump where they are emptied into receiving tanks mounted on a shaker 
frame assembly. The beans feed continuously from the receiving tank to a pump 
intake conveyor or flume where they are pumped through a dewatering shaker to 
quality graders situated on a raised platform. The quality grader separates 
the beans into maturity grades using the specific gravity principle. The 
higher grades float to the surface of a brine solution while the overmature or 
firms beans sink to the bottom. Each grade is discharged through separate 
discharge pipes. Normally, the higher quality beans continue to the blanching 
operation while the more mature beans are either conveyed to temporary storage 
for disposal as waste or to await their turn for further processing in a lower 
quality pack. 

With bulk handling, the beans are loaded into the truck directly and do 
not require an intermediate container. In mobile vining operations, the beans 
are mechanically dumped from the collection hoppers of the individual viners 
and are hauled directly to the plant. In stationary vining operations, the 
beans may be cleaned at the vining site, as in bin handling, or sent directly 
to the plant. Icing down may occur with either mobile or stationary vining, 
depending upon the distance to the plant receiving station. 

On arrival at the plant, the truckload is dumped in a receiving tank 
mounted on a shaker frame assembly and conveyed through the various cleaning 
and grading operations in the same manner as with bin handling. 

Labor requirements with bin handling include a lift-truck operator at 
both field and plant locations and for operating and attending the cleaning, 
brining, and icing equipment. In bulk handling, the lift-—truck operator at the 
plant receiving dock is replaced by a bulk-receiving attendant. With this 
exception, labor requirements of the two methods are identical. 

The equipment requirements and unit equipment costs given in Table 
are used to estimate the total investment cost with selected rates of output 
that are shown in Table 5. Annual fixed charges--and the percentages used in 
their computation—~are also shown in Table 5. In addition, production standards 
for labor and wage information given in Table 5 are used to estimate the labor 
requirements and cost that are summarized therein. 
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TABLE 4 


Equipment Requirements by Rate of Output and Method of Handling, Receiving Initial 
Cleaning and Quality Grading in Lima Bean Processing, California, 1958 
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Table 4 continueds 


af Mounted on shaker framo for continuous feed. Custom manufacture of three types: Type A: 105 cubic feet, l-horsepower motor, eccentric shaft, direct 
hart, a 


drive--$705, installed. Type B: 240 cubic feet, 3-horsepower motor, eccentric s direct drive-$909, installed. Type Cs 480 cubic feet, 4ehorse- 
power motor, eccentric shaft, direct drive--$1,259, installed. 


vf Single conveyor with 3/4-horsepower motor and drive=-3383, installed. i/ Twin conveyor off single drive, l-horsepower motor=-$553, installed. 2/ Twin 


conveyor off single drive, lehorsepower motor=-$383, installed. Single conveyor with 3/4-horsepower motor sheared to third shaker separator=-$383, in- 
stalled. 


of Customebuilt trash separator, 12' x 3" with 3/4-horsepower motor and drive, capacity, 12,500 pounds per houre-31,460, installed. 


af Single conveyor with 3/4-horsepower motor and drive=--$362, installed. u/ Twin conveyor off single drive, lehorsspower motor=-$512, installed. 2/ Twin 
conveyor off single drive, l-horsepower motor=-$362, installed; and cross conveyor, 8' x 12", 3/4-horsepower and drive to deliver to pneumatic separator-- 
$362, installed. 


of Five Types: Type A: 18-inch intake, S-horsepower, capacity 7,500 pounds per hour=-$1,488, installed. Type B: 24-inch intake, 7-1/2=horsepower, capa= 
city 10,000 pouds per hour=-$2,698, installed. “ype C: 30-inch intake, 7-1/2-horsepower, capacity 12,500 pounds per hour=-$2,788, installed. Type D: 


36-inch intake, 10-horsepower, capacity 15,000 pounds per hour=-$3,050, installed. Type E: 42=inch intake, l0-horsepower, capacity 20,000 pounds per 
hour~-$3,136, installed. 


£/ Includes fluming, dewater reels, fittings, and waste water pipinge For details on installed costs, refer to Appendix A, Table l. 


ef Flotation washers with destoner attachment. Three types: Type A: 5,000-pounds per hour capacity--$2,789, installed. Type Bs 6,500-pounds per hour 
capacity--$3,089, installed. Type Cs 7,500-pounds per hour capacity--$3,389, installed. 


b/ Conveyor for 5,000 rate 10' x 12"--$383, flumes thereafter. Flumes, fittings, waste or return water piping included. For wit costs refer to Appendix A, 
Table l. 


i/ Product pump assembly and intake tanks. Two types: Type A: S-inch intake, capacity 12,000 pounds per hour=-$695, installed. Type Bs: 4-inch intake, 
capacity 18,000 poumds per houre-$900, installed. 


i/ Tube conveyors for product pumps-=3-inch tubing of polyethylene and 4=inch tubing of aluminum. Elbows, tees, adaptors, valves, recirculating equipment 
included. For detailed costa refer to Appendix A, Table 1. 


k/ Capacity is 8,000 pounds per hour, includes return water tanke-$670, installed. 


V Custom built, 5/16-inch safety plate, angle iron and black pipe construction, includes guard rails on stairway and platforme Platform is 10-feet above 
plant floore Labor and materials cost--$3.40 per square foot. 


nf Types and capacities same as for washers (see g/)e Installed cost is $200 less than washers since it does not include destoner equipment. Brine mix 
equipment, including tanks, brine density controller, and distribution system--$1,815, installed. One brine station supplies four quality graders. 


n /Includes flumes, dewater reels, waste water tubing, elbows, tees, adaptors, and other fittings. See Appendix A, Table 1 for cost details. 


of Capacity of storage is 8-hours at the rates indicated. Tanks are galvanized iron, sloped bottoms and sides. Three Types: Types A: 700 oubic feet, 


approximate capacity, 26,000 pounds--3785. Type B: 525 cubic feet, approximate capacity, 19,500 pounds--$665. Type C: 350 cubic feet, approximate 
capacity, 13,000 pounds=-$550. 


p/ Installed over temporary storage tanks, 5/l6-inch safety plate, 2 feet wide with black pipe guard rails for stairs and walkwayse Installation cost-- 
$1.50 per lineal foote 


a/ Three types: Type A: Crusher with 3-horsepower motor, without blower, 40 cubic feet, galvanized iron tank mounted on warehouse truck, 4 scoop shovels-- 


$1,048, installed. ‘Type B: Same as Type A but includes l0-horsepower blower and ice delivery tubing=-$2,052, installed. Type Cz: Same as Type A but 
includes additional assembly=-$1,257, installed. 


r/ Dashes indicate that with low output capacity this job does not applye 

3/ Blanks indicate that this job is performed by the pumping assembly crew. 

+/ Designed as described in b/. 

u/ Allows 8-hours of reserve storage at rates indicated. Capacity of tote bin is approximately 1,800 pounds, excluding ice. Bins cost $14, each. 
v/ Standard type lift truck, 4000-pound capacity--$5,775, delivered. u 

w/ Cradle-type bin dumper, electrically driven 1/2-3/4 horsepower motor, capacity, 19,500 pounds per hour--$690, installed. 
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TARBIE 5 


Crew Requirements, Variable Costs, Equipment Replacement Costs, and Annual Charges by Rate 
of Output and Method of Handling--Receiving, Initial Cleaning, and Quality Grading in 
Plants Processing Lima Beans for Freezing, California, 1958 


£ Annual fixed charg 2 


clean- | Attend 

ing- | grading 

equip- | equip- Equip- | Belt- 
Output | ceive | ment ment a g Total ment ing Total 


pounds 
per 
hour number of workers 


1 1 
1 1 
1 2 
ne 2 
2 2 
2 3 


FrFwonnr 


DOPE HE @ 
DEE EON 
SEERAS 


OVI ON 


61,775 





a/ Work standards and wage rates: 


Field Bulk handling | Bin handling 
pounds per hour 


Receive bulk 20,000 


Receive bins 20,000 

10,000 
Attend grading equipment 10,000 
Distribution and ice 7,500 





* Dashes indicate not applicable. 


b/ Power costs estimated on basis of $0.025 per horsepower hour. Variable repair costs including wages and supplies 
for maintenance men estimated as 0.5 per cent of equipment replacement costs per 100 hours operation. 


c/ Refer to Table 4 for delivered and installed prices of major equipment items. 

a/ Equipment : 16.5 per cent of equipment replacement costs includes depreciation~-10 per cent; taxes--l per cent; 
insurance--1 per cent; interest on investment--3 per cent (approximately 5.5 per cent of undepreciated balance); 
and fixed repairs and maintenance--1.5 per cent. Belting: 25,per cent of belting replacement cost includes 
depreciation--20 per cent; taxes--1 per cent; insurance-~-l per cent; and interest--3 per cent. 

e/ Operates lift truck and bin dumper. 


f/ Includes both field and plant location. 
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Total annual costs for four lengths of season are shown in Figure 6. The 
figure shows there is little difference in the total annual costs of the two 
methods. Selection of the method to use, therefore, will depend upon the pref- 
erences of the plant management concerned. Costs in this study are based on 
bulk handling. 

As in the analyses of preceding operating stages, planning costs for the 
receiving, initial cleaning, and quality-grading stage are given in equation 
(4) below. The costs represented by this expression are graphically depicted 
by the heavy dashed line in Figure 6. 


(4) TSC = $1,892 + $320(R) + $4.5882(H) + $0.8494(R)(H) 


where 


TSC is total season cost in dollars for receiving, initial 
cleaning, and quality grading. 
R is 1,000 pounds of output per hour. 
H is hours of plant operation per season. 


Blanching and Second Quality Grading 


The blanching operation consists of subjecting the product to heat through 
the medium of hot water or steam, or a combination of both. A hot-water bath 
is the medium normally used in blanching Lima beans. The primary purpose of 
blanching is the partial prevention of enzyme activity associated with the 
production of "strong" flavors and discoloration. 

The duration of the blanching treatment depends primarily on the tempere- 
ture of the water bath and the size and firmness of the beans. At the tempera- 
ture usually maintained--just below boiling--an exposure time of approximately 
3 minutes for Baby Lima and 3-1/4 to 4 minutes for the Fordhook variety is 
required. Blanching equipment and service inputs (steam and water) require- 
ments in this analysis were developed on the basis of a 44-minute exposure 
time. 

The beans are flumed from the initial quality grade operation over a 
drain or dewater belt and into the blancher. The blancher consists of 
an outer tank that holds the blanch water through which the beans are con- 
veyed in a perforated revolving drum or blanching reel by means of an inner 
spiral. Water is supplied at the discharge end of the unit and two steam 
inlet pipes are also provided. In this study it is assumed each blancher 
is equipped with a variable-speed transmission or drive and an automatic 
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Figure 6. Total Annual Costs of Receiving, Cleaning, and Initial Grading in Relation to Methods Used, Rate 
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temperature-control system to assist the operator in maintaining proper blanch 
temperatures and exposure times. Steam at 125 pounds per square inch pressure 
is furnished by boilers fired with forced draft natural gas burners. 

In most of the operations studied, provision is made for a second or 
postblanch-quality grade operation. The postblanch-quality grading step is 
required when the quality of the product is such that the initial grading 
station cannot separate overmature and shriveled beans with enough selectivity 
to avoid grade losses. If the beans received are of generally high quality, 
however, initial grading may suffice, and the postblanch grading equipment may 
be used as a skimmer or bypassed entirely. Provision for postblanch grading 
is included in the equipment layout of plants synthesized in this report. 

Labor requirements for this operating stage include attendants for the 
blanch, brine, and boiler equipment. Labor standards for these machine~paced 
jobs were developed from an analysis of plant record data and from direct 
observation of the job requirements in plants of different capacities. 

Crew and equipment requirements and costs are summarized in Table 6, 
Production standards and the variable cost rates and equipment unit costs on 
which they are based--as well as the percentages used to compute annual fixed 
charges-—are also given in Table 6. Variable costs and annual fixed charges 
given in Table 6—-in relation to selected rates of plant output and hours 
operated per season—-have been used in calculating total annual costs illus 
trated in Figure 7. Planning costs for blanching and second-quality grading 
are shown by the heavy dashed lines in Figure 7 and are given by equation 
(5) below. 


(5) TSC = $1,293 + $187(R) + $5.6773(H) + $0.2238(R) (H) 


where 


TSC is total season cost in dollars for blanching and second 


quality grading. 
R is 1,000 pounds of output per hour. 
H is hours operated per season. 


Visual Inspection and Manual Quality Separation 


While most overmature beans and defects are removed by mechanical brine 
separation and cleaning, maturity grading to a strict tolerance by this means 
is difficult because of insignificant differences—in some lots-—in specific 
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TABLE 6 


Crew and Equipment Requirements, Variable and Replacement Costs, and Annual Fixed Charges 
for Blanching and Second Quality Grade Operation in Lima Bean Freezing Plants 
California, 1958 





b uipment ments Replacement cost Ann: 
Rate Power Blanch Steam datal, Cool- Second- By-pass 
of and Con- equip- Heating ing Con- qualit; con- Equip- Belt- Equip- - 
output Workers®/ Labor repairsb/ Total Flumec/ veyord/ mente/ Boiler Steam surface flume ve org/ rad veyori/ mei? << k/ Total pase tee Total 
pounds 
per num- square num 
hour number dollars feet ber type _oh.p. pounds feet feet ber type feet dollars 
5,000 3 6.30 0.74 70h AT 102" 1 A oor 690 108 50 10 a 12" x 25' 13,703 221 13,924 2,261 55 2,316 
10,000 3 6.30 1.02 7.32 20 10 zh c one! 932 146 15 aoe! 2 A 15" x 25" 17,903 301 18,204 2,954 75 3,029 
15,000 5 10.50 1.38 11.88 26 20% 2 B coe/ 1,725 270 100 20 2 C 15" x 25' 2h,7k7 350 25,097 4,083 88 4,171 
é 2 B 
20,000 5 10.50 1.60 12.10 28 ae 2 [3] oh/ 1,863 292 125 30/ 1 ¢ 15" x 25' 28,503 400 28,903 4,703 100 =4, 803 
i A 5/ a : 
25,000 T 14.70 2.18 16.88 28 302/ 2 c Th= 2,453 400 125 ho- 2 B a6% x25" 937,632 530 37,561 6,110 133 6,243 
1 c 
30,000 “4 14.70 2.30 17.00 36 30 3 c of/ 2,794 437 150 10 4 c  =18" x 25' 40,876 530 41,406 6,745 133 6,878 





af 10 stendards for each of the blanch, grader, and boiler room attendants are estimated as 10,000 pounds per hour, Wage rates for each of these jobs are 
210 per houre 


v/ Power estimated as 2.5 cents per horsepower hour. Variable repairs estimated as 005 per cent of equipment replacement cost per 100 hours operation. 
of Plume, galvanized iron, 20-guage, leading from temporary storage--$7 per foot, installed. 


@/ Mesh conveyor, dewater, and distribution to blanchers. 1/ 10' x 12", 1 conveyor, 3/4-horsepower motor end drivee=$452, installed. 2/ 10° x 12", twin 
conveyors, 3/4-horsepower motor off one drive=-$659, installed. af 10" x 12", 3 emveyors, l-horsapower motor off one drive--$929, installed. 


of Requirements based on 4-minute blanch, includes varispeed motor and drive and blanch temperature control assembly. Type A: 12-foot cylinder, capacity 
6,400 pounds per hour=-prico estimated at $4,463, complete. Type B: 15=foot cylinder, capacity 8,000 pounds per hour=-price estimated at $4,820, complete 
Type €: 18-foot cylinder, capacity 10,000 pounds per hour--price estimated at $5,182, complete. 


£/ Includes 125-pounds-per-square=-inch Scotch marine dryback boiler, trim and fittings, lagging, stack, forced draft natural gas burner, less steam piping 
and fitting. 1/ Boiler--%3,063, complete, installed. 2/ Boiler--$3,344, complete, installed. 3/ Boiler=-34,315, complcte, installed. 4/ Boiler-- 
$4,313, complete, installed. 5/ Boiler-$5,594, complete, installed. 6/ Boiler—-37,219, complete, installed. 


g/ Mesh conveyors, each 12 inches wide, inclined 15 degrees. 1/ One conveyor, 3/4 horsepower motor and drive=-$385, installed. 2/ Twin conveyors, 5/4 
horsepower motor off one drive=--$553, installed. xf Three conveyors, l-horsepower motor off one drive--$655, installed. 4 Two twin conveyors, two 
3/4 horsepower motors and drives--$850, installed. 

r/ Straight-line flotation type, complete with brine mix equipment, including tanks, brine density controller, and brine distribution piping. Type A: 
Capacity 5,000 pounds per hour=-$4,404, installed. T Bs Capacity 6,500 pounds per hour=-$4,704, installed. Type Cs Capacity 7,500 pounds per 
hour=-$5,004, installed. 


i/ Mesh conveyor to by-pass second=quality grade, lehorsepower motor and drive, drip panse Motor and drive assembly and conveyor frame--$605 each, in- 
stalled. 


d/ Sum of replacement costs of individual equipment items. 
if Belting cost estimated by expression: $0.41 (W)(L) whore W is width of belt in inches and L is length of conveyor in feet. 


u/ Estimated as 16.5 per cent of equipment replacement cost, includes depreciation--10 per cent; taxes=-1 per cent; insurance=-1 percent; interest on 
investment=-3 per cent (approximately 5.5 per cent of undepreciated balance); end fixed repairs and maintenance=-1.5 per cent. 


nf Estimated as 25 per cent of belting replacement cost, includes depreciation--20 per cents; taxes--1 per cent; insurance=-1 per cent; and interest on in- 
vestment--3 per cent. 
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Figure 7. Total Annual Costs of Blanching and Second 
Quality Grading Operations in Processing Lima Beans for 
Freezing in Relation to Rate of Output and Length of 
Season, California, 1958. 
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gravity of green and overmature beeen Consequently, quality separation 
by manual means is necessary for final inspection and removal of any over- 
mature beans or defects that remain. 

Beans are flumed directly from the second mechanical quality grading 
station to the sorting belts. These belts, with a few exeeptions, are 2h 
inches wide and from 25 to 30 feet in length. A wire mesh belt (for de~ 
watering) comprises the first section of the sorting belt fromwhich the beans 
are deposited on a rubber cannery (or neophrene) belt moving in the same 
direction.© This arrangement results in a "cascade" effect which turns the 
beans over so both sides can be inspected with minimum effort by sorters 
stationed along the entire length of the belt, including the wire mesh section. 

The amount of sorting labor required depends upon the volume of beans run 
per belt hour and the proportion of defects and overmature beans which must be 
removed. As visual inspection requires effort which cannot easily be measured 
in quantitative terms, direct work measurement techniques such as time and 
production studies are inappropriate for measuring the input of sorter labor. 
Accounting record data showing the number of sorters in relation to volume run 
per belt hour and pounds of grade-out were not available in the detail required. 
Furthermore, the number of beans, rather than their weight relative to volume 
per belt hour and proportion of grade-out,is a more relevant factor to consider 
in the measurement of sorting-labor inputs. 

Because of the limitations of direct work measurement and the difficulty 
of obtaining adequate plant record data, an intermediate approach was used. 
Direct studies were made of the sorting operation in seven plants. The 
procedure used in the development of data for the analysis involved five major 


steps: 


1/ Defects include extraneous vegetable material, pieces, shrivels, sprouts, 
discoloration, and blemishes. For a more detailed discussion of grade determi- 
nants, refer to U.S. Standards for Grades of Frozen Lima Beans, 8th issue, 


April 16, 1957. 


2/ Sorting tables or belts vary among plants in construction characteristics, 
width and length, but no significant differences in costs were detected. The 
inspection belts used in this study were 2)" x 25', each with an estimated 
capacity of 7,000 per hour. 
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1. Samples of two pounds each were removed immediately prior to sorting.” 


At the same time, the number of the sorters employed on each inspection 


belt was recorded. 

2. The volume of beans of each inspection belt at the time the sample 
was removed was estimated from the plant production tally. 

3. A count was made of the total number of units in each sample. This 
included the total number of "green" beans in the sample as well as 
the number of grade-outs--overmature beans and defects. 

le. "Manual grade-out percentage"--defined as the ratio of the number of 
beans including defects and overmature beans not meeting grade re~ 
quirements to the total number of units in the sample--was computed 
and recorded. 


5. A check was made with the U. S. Department of Agriculture or plant grade 


inspector to ascertain the grade and score of the finished product in 
each lot sampled. 


The data obtained were made comparable and summarized according to volume 
run per belt hour, grade-out percentage, and number of sortersc’/ These data 
were then separated into subgroups reflecting small intervals in grade-out 
percentages. For each subgroup, the number of sorters were plotted against 
output rates per belt hour. Figure 8 shows these points for the to 6 per 
cent grade-out categorye 

The wide scatter of points in Figure 8 suggests underutilization of 
sorting labor during certain periods in most of the plants studied. This 
was expected as workers idled during temporary stoppages in other parts of the 


1/ Approximately 300 samples were taken in each of the plants studied. 


2/ On an equal weight basis, 100 Fordhook beans are on the average roughly 
equivalent to 283 Baby Lima beans. As observations were taken in plants 
processing both Baby and Fordhook varieties, the data obtained in the sampling 
procedure were placed on a comparable weight basis by converting one pound of 
Fordhook beans to an equivalent "count" basis by multiplying by 2.83. The 
conversion factor used was developed from count data in the samples described 
above and by numerous additional samples made available through the courtesy 
of the U. S. Department of Agriculture grade inspectors. 
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plant, and surplus labor provided for contingencies usually are assigned 
temporarily to the sorting operation even though not required by the work load 
there. In terms of the definition of work standards previously presented, an 
“efficiency standard" represents better than average--but not maximum-—per- 
formance levels. The basis for selecting a sorting-labor standard is given in 
Figure 8. The solid line in the upper portion of the figure shows the average 
performance level of sorters at various rates of output per belt hour, while the 
dashed line indicates the maximum performance level observed. These two 
reference lines define the range of points considered in establishing the sort- 
ing standards in this analysis, The line connecting the crosses in Figure 8 
represents the sorting-labor standard finally derived for this particular 
manual grade-out percentage subgroup. 

This procedure was followed for each of the manual percentage grade-out 
categories or subgroups Sousidered,< A generalized expression derived from 
analysis of these data and relating the number of sorters to the rate of plant 
output per hour and manual grade-out percentage is summarized in the following 
equations: 


where 


N is the number of sorters required. 
R is 1,000 pounds of plant output per hour. 
P is manual grade-out percentage. 


For any given rate of plant output and manual grade-out percentage, this 
equation can be used to estimate the number of sorters required with efficient 
organization. For example, the number of sorters required for a plant operat~ 
ing at the rate of 10,000 pounds per hour with a manual grade-out percentage 
of 5 per cent is estimated by substituting these values for (R) and (P) in 
the above equation and computing the value of N. 


1/ The points within the reference lines were fitted by the method of 
least squares. 


2/ Subgroups of manual grade-out percentages considered were: 0.5 tol 
percent, 1 to 2 per cent, 2 to ) per cent, to 6 per cent, 6 to 8 per cent, 
and 8 to 10 per cent. 
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Figure 8. Sorting Labor Input Related to Output Per Belt Hour and 
4 to 6 Per Cent Grade-Out Percentage in Lima Bean Freezing Plants, 
California, 1958. 








That iss: 
N = 5.101 + 0.892(10) + 0.656(10) (5) 


= 5,101 + 8.92 + 3.28 = 17.3 sorters. 


Eighteen sorters are required under the conditions assumed as fractional 
inputs are adjusted to the next whole number. 

These relationships are set forth in graphic form in Figure 9. For the 
above example, the graph is entered at the point representing 10,000 pounds 
hourly output and 5 per cent grade-out count-~point A in the figure--and the 
number of the sorters is read on the vertical scale at point B. As in the 
solution given by the equation, 18 sorters are required. 

In order to use these relationships in forecasting sorter crew require=- 
ments, field estimates must be made of grade-out percentages. Grower "pay 
weight" samples may be used for this purpose. Reliable estimates of the 
efficiency of mechanical brine separation and cleaning equipment are also 
essential as a means of estimating the percentage grade-out count which must be 
manually graded, remembering that “percentage grade-out" refers to the per~ 
centage of overmature beans and defects on a count basis as distinguished from 
a weight basis. The sorting standards developed apply specifically to Grade 
A packs. 


Sorting Costs 

Hourly sorting-labor costs are obtained by multiplying the number of 
sorters required by the appropriate wage rates Table 7 lists equipment 
requirements and costsand hourly variable costs for selected rates of plant 
output. The data given in Table 7 can be used to compute estimated annual 
costs for the sorting operation for any given rate of plant output, length of 
season, and manual grade-out percentage. A generalized expression for the 
manual sort and quality separation stage based on such estimates is given in 
equation (7) below. This equation was derived by relating total season costs 
of the manual sort stage to rates of plant output and hours operated per seasone 


1/ The number of sorters is stated in whole numbers, however. 
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Figure 9. Labor Standards for Visual Inspection and 
Manual Quality Separation of Lima Beans Processed by 
Freezing, California, 1958. 
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TABLE 7 


Visual Inspection and Manual Quality Separation Equipment Requirements, 
Replacement Cost, Annual Fixed Charge, and Variable Costs for 
Selected Hourly Rates of Output, Lima Beans, California, 1958 


Equipment Replacement Annual Variable 

reauirements cost fixed charge costs per hour 
Rate | Distri- Power 

of bution, | Sorti Equip- Equi Bel and 
output flume2/ tabiest/ ment | Belting | Total art ‘nat Total | repairs Labort/ totars/ 
pounds 
per 
hour feet number 

1 


45 























0.56P | 16.19 + 0.56P 









1.11P | 23.78 + 1.11P 






S131 + 1.67P 






38.87 + 2.2°P 







46.45 + 2.78P 
54.04 + 3.33P 





a/ Includes low-grade and high-grade flumes for distribution to sorting tables and take-away at end of table. 
Flumes unseamed, galvanized iron--$7 per foot, installed. 


b/ Includes 123' x ok" neoprene belting; 123' x 2h" wire mesh dewater belt--"cascade"; 3/h-horsepower motor and 
drive; and tables equipped with drip pans. Installed costs: Motor and drive--$280 each; conveyor frame and 
rollers--$258 each table; drip pans--$100 each; and belting--$0.41 (W)(L) where W is width of belt in inches 
and L is length of conveyor in feet. 


c/ Eguipment: 16.5 per cent of equipment replacement cost includes depreciation--10 per cent; taxes--1 per cent; 
insurance--1 per cent; interest on investment--3 per cent (approximately De) per cent of undepreciated 
balance); and fixed repairs and maintenance=-1.5 per cent. 


a/ Belting: 25 per cent of belting replacement cost includes Gepreciation--20 per cent; taxes--1 per cent; 
insurance--1 per cent; and interest on investment--3 per cent, 


e/ Power estimated as 2.5 cents ner horsepower hour. Variable repairs include wages of mechanics and supplies 
estimated as 0.5 per cent of replacement cost per 100 hours operation. 


£/ Wage.rates used are $1.685 per hour, straight time. Equation stating labor costs obtained by multiplying 
the expression for number of sorters required: N = 5.101 + 0.892 (R) + 0.0656 (R)(pP) by the corre sponding 
hourly rate of output and wage rates. 


g/ Labor costs plus variable power and repairs. 


“9S 
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(7) TSC = $149 + $32(R) + $8.65(H) + $1.51(R)(H) + $0.1110(R)(H)(P) 
where 


TSC is total annual cost of visual inspection and manual quality 
separation in dollars. 
R is 1,000 pounds of plant output per hour. 
P is manual grade-out percentage. 
H is hours operated per season. 

The above equation can be used to estimate total annual sorting costs for 
any given size of plant (rate of output), length of operating season, and manual 
grade-out percentage. Total annual costs, represented by the above equation, 
are graphically depicted in Figure 10. The figure shows total annual costs in 
relation to hourly output rates and hours operated per season for manual grade- 


out percentages ranging from 5 to 10 per cent. 


Packaging or Filling 


Lima beans are packed in three styles of packages—-retail, institutional, 
and bulk. The size of packages considered in this study are 10-ounce retail 
cartons, 2~1/2-pound institutional cartons, and 50 or 60-pound bulk bags or 
cases as these are the sizes most commonly packed, The retail style is normally 
packed to higher grade specifications than are the institutional and bulk styles. 
Although there is a selling price differential in favor of high grade retail 
packs, it is economical to pack lower grade institutional and bulk styles if 
the net returns are greater than the direct costs and expenses which could have 
been saved by their disposal as waste. If the lower grades are to be utilized, 
plants must be equipped with packaging facilities for handling these grades, 
This type of flexibility was accomplished in the plants observed by providing 
separate facilities for packaging retail, institutional, and bulk containers. 
The plants synthesized in this analysis are also equipped with separate packag- 
ing lines such that the capacity output rate of any given plant can be packed 
in any given style. 

Variations among filling and packaging methods are primarily related to 
the type of freezing operation used. In California all plants observed used 
either tray-tunnel or plate-~freeze methods that require packaging beans before 
freezing. Prefilling or prepackaging of beans before freezing--commonly called 
the "wet pack" method—involves a series of continuous operations. The beans 
are delivered to the fill stations by a fluming system serviced by product pumps. 
They pass through a dewater shaker to a pneumatic separator and into an 
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Figure 10. Total Annual Costs of Visual Inspection and Manual Quality Separation 
Lima Beans Processed by Freezing in Relation to Rate of Output, Length of Season, 
and Selected Manual Grade-Out Percentages, California, 1958. 
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accumulating hopper at each fill station. From the accumulating hopper, the 
beans are shaker fed to a mechanical filler for transfer to the appropriate 
container--retail, institutional, or bulk. 

In the carton-fill operation, bundles of flat cartons are placed in the 
magazine that feeds the mechanical carton former. The cartons are filled as 
they move beneath cups mounted in a revolving filling cylinder, The filled 
cartons are segregated onto two conveyors by means of an interchanger. Workers 
stationed on each side of the conveyors inspect the filled cartons and remove 
cartons which are improperly formed or filled. After emerging from the auto- 
matic closing machines, the cartons are checkweighed and inspected for proper 
closure. The cartons continue through high-speed wrapping machines and are 
manually set off in trays and placed in skids or carts for transfer to the 
freezing tunnel or cabinet. Two types of carton-filling equipment are in general 
use for filling retail and institutional styles. The essential differences 
between these fillers involve the method of forming and closing the cartons. 

In the bulk-fill operation, the beans feed from an accumulating hopper to 
trays passing beneath the filler on a powered roller conveyor. As the trays 
are filled, they move to a skate wheel take-off conveyor where they are loaded 
into skids for transfer to the freezing tunnel, Workers are required for 
supplying empty trays, attending the fill, setting off filled trays, and trans- 
ferring the filled skids to the freezing tunnel. The trays are removed from 
the freezing tunnel and manually dumped into cluster—breaking equipment from 
which they are moved by a spiral conveyor to a bulk-fill station for packaging 
into 50-or 60-pound bags or cases» The bulk containers are filled, manually 
weighed, closed, stenciled, and set off to pallets for removal to the cold- 
storage warehouse. 

Equipment arrangement, layout, and organization of the packaging stage 
will vary among plants according to local conditions and preferences of 
processors. The design reflected in the above description is a synthesis 
based on studies of actual plant layouts and on recommendations of processors 
and equipment manufacturers. 

Equipment standards for the packaging stage were developed from studies 
of plant record data, production studies of packaging operation, and specifi- 
cations of equipment manufacturerse These standards are summarized in Table 8. 
They were used in estimating the separate equipment requirements for each of 
the various styles of pack that are given in panels A, B, and C of the table. 
Requirements as to in-stage transportation equipment such as pumps, tubing and 
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TABLE 8 


Equipment Requirements for Packaging Lima Beans for Freezing 
by Style of Pack and Selected Rates of Output 
California, 1958 


Panel A=-Reta: pack D 


2 Panel B ae wai 8 eq 

Pneumatic Accumu= ry SU ng Wrapping a C) Pheunatic ] g 
0. sepa~ lating brat equi ong one a/ “lating, ips 
output rator ho one feeder® nent, 7 pares rator’. hop ae sir 


pounds pounds 
per num= num= per 
hour | ber | type ty vii number |ber | type| number | hour 
5,000 


aoe 

type 

5,000 A 1 
10,000 B 1 1 
15,000 D 2 2 
20,000 E 2 2 
25,000 2 2 
30,000 3 3 


pment Panel D-=In=stage distribution equipment 


SE ek packaging equipment 
oy pira Bag or 
‘oes cepa con= na 
Sade rahe assembl ratorey ve ana filler’/ ites eines FI _Flunes!/ 
a pounds 
_emeeonegmamml ie z “aa 
ber hour number feet 


a/ Five types: 


@ A: 18-inch intake, 3zhorsepower motor, capacity 7,500 pounds per hour-~$1,)\88, installed. 
_ = 2h-inch intske, i a yeicieade metor, capacity 10,000 pounds per hour--$2 1698, installed. 
eC: 30-inch intake, 7g-horsepower motor, capacity 12,500 pounds per hour--$2,788, installed. 
@ Ds -36-inch intake, 72-10 horsepower motor, capacity 15,000 pounds per hour--$3,050, installed. 
Type E: 2-inch intake, 73-10 horsepower motor, capacity 20,000 pounds per hour~-$3,136, installed. 


b/ Two sizes: 
Type A: 5 cubic feet, conical or tetrahedral--$175. 
Type B: 108 cubic feet, conical or tetrahedral—-$368. 





c/ Custom built, 3/l-horsepower motor, capacity, 10,000 pounds per hour-~$h75. 


d/ Two types: 
y Type A: Retail filler, volumetric, with leased carton forming and closing attachment, capacity 7,500 pounds per hour-- 
$1,065, installed; lease equipment-~*13,279 payable in annual installments over 10-year period. 
Type B: Retail filler, volumetric, with integrated carton forming and closing equipment, capacity 10,000 pounds per 
hour--wholly leased, $21,150 payable in annual installments over 10-year period. 


e/ Retail wrapper, capacity 7,500 pounds per hour-~$12,2l)5, installed. 


£/ Institutional filler, volumetric fill with leased carton closing and forming equipment, capacity 12,750 pounds per hour-- 
$),065, installed; lease equipment--$13,277 payable in annual installments over a 10-year period. 


g/ Institutional carton wrapper, capacity 12,750 pounds per hour-~$10,500, installed. 


h/ Includes tray fill hopper, vibrator feed mechanism, powered roller conveyor (cleated for trays), 2=speed motor and drive 
assembly, take-off skate wheel conveyor. Custom built, capacity 10,000 pounds per hour==$1,823, installed. 


a/ Custom made, l-horsepower motor, capacity 10,000 pounds per hour-~$1,200, installed. 

Jj Each spiral conveyor 15 feet wide with 9=inch screw, enclosed, l-horsepower motor and drive-~$)98 each, installed. 
k/ Manually operated, includes hopper, spiral feed mechanism, shear gate, and hand lever, custom built--%672, installed. 
1/ Pump assembly and intake tank, 3-inch pump, capacity 12,000 pounds per hour--¥695, installed. 


nf Includes 3-inch polyethlyene tubing and fittings, flumes, dividers, chutes, wmste water disposal tubes. For cost details 
refer to Appendix A, Table 1. 


n/ G.i. unseamed construction 7-inch flumes--$7.00 per foot, installed. 
o/ Dewater reels--$375, installed. 
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flumes used in distributing the product to the various fill stations are given 
in panel D of Table 8, 

Labor standards for the jobs described earlier in this section were cal- 
culated from studies of plant record data and of actual operations in plants 
of different capacities. Crew requirements—along with the labor standards on 
which they are based—are summarized in Table 9. 

The equipment and crew requirements given in Tables 8 and 9 are the basis 
for the estimates of variable and fixed costs Summarized in Table 10. This 
involves conversion of packaging equipment requirements given in Table 8 to costs 
by applying estimated unit replacement costs to the number of equipment units 
required to achieve selected capacity output rates. Similarly labor costs with 
each capacity output rate considered were computed by applying appropriate wage 
rates to the estimated crew requirements given in Table 9, 


Estimation of Packaging Costs 


Variable Costs.—Estimation of annual variable costs for the packaging 
stage is complicated because they are not related to the output of a uniquely 
defined "product." Instead, output in this stage is defined in a multiple- 
product sense associated with different styles of pack or "producte" Conse= 
quently, annual variable costs for this stape vary not only with hours operated 
per season and hourly capacity rates of plant output but also with the pro- 
portion packed in the various size containers. The estimation procedure may 
be simplified by determining the relationship between hourly variable costs of 
packaging each of the thred styles and hourly volumes of output. The initial 
step in this procedure involves plotting the variable cost points given in 
Table 10 against hourly rates of output for each of the three styles of pack 
as shown in Figure 1l. The figure indicates that &s hourly rate of output 
increases, increasing hourly variable costs with a given style of pack may be 
represented by a straight line passing through the origin. In this case, hourly 
unit cost per pound—-for packaging each style of pack—~is constant at all capa~ 
cityrates of filling and is independent of the scale of operations. Average 
unit costs per hour--based on the points in Figure 1l—are $2h.730 per 1,000 
pounds packed in retail cartons, $1.80 per 1,000 pounds packed in institutional 
cartons, and $.590 per 1,000 pounds packed in bulk bags or cases. Total 
variable packaging costs per aeason can be estimated by applying the unit costs 
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TABLE 9 


Crew Requirements for Packaging Lima Beans for Freezing by Style 
of Pack and Selected Rates of Output, California, 1958 







er ane Crew remrementels ee 

pply 

Rate of Feed Attend Check Inspect Tray skid and Supply Total 
output cartons pip bi fa weight cartons off tally materials crew 


per hour number of workers 











Inspect 
cartons 


output cartons sip ts 8B 
pounds 
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number of workers 


| ERE 
Operate Attend 
fill and bags or Supply Total distri- 
check weight | cases materials crew butionf 


number of workers 


1 
i 
5 
1 
F 
1 





a/ Labor production standards and hourly wage rates, 10-ounce retail cartons. Standards: Feed cartons, attend 
filler, supply and truck skids, and supply packaging materials--19,500 cartons per man hour; check weight and 
inspect cartons--9,750 cartons per man hour. Wage rates: Feed cartons, attend fill, check weight, and inspect 
cartons--$1.69 per hour; all other jobs--$1.86 per hour. 


b/ Cartons fed by filler attendant. 
c/ Materials supplied by skid supply man. 


a/ Labor production standards and hourly wage rates, 24-pound institutional cartons. Standards: Feed cartons, 
attend filler, and supply packaging materials--5,100 cartons per man hour; check weight, inspect cartons, and 
tray off--2,550 cartons per man hour; supply and truck skids--8,000 cartons per man hour. Wage rates: Same as 
for retail packaging jobs. 


e/ Labor production standards and wage rates, 50-pound bulk bags, cases, or trays- Standards: Feed trays for loose 
~ fill and attend tray filler--200 trays per man hour; supply and truck skids--l00 trays per man hour; supply 
packaging materials and stencil--)00 bags or cases per man hour; operate fill and check weight, set off filled 
containers--50 bags or cases per man hour. Wage rates: For all jobs--$1.86 per hour. 


f/ Attend pumps, flumes, and product flow of in-stage distribution system--30,000 pounds per man hour. Wage rate: 
~ $1.86 per hour. 


g/ Feed trays job done by bulk filler operator. 





TABLE 10 


Variable Costs, Equipment Replacement Costs, and Annual Fixed Charges for Packaging 
Lima Beans for Freezing by Style of Pack and Selected Rates of Output 
California, 1958 


Retail packaging costs 


Bulk packaging costs 
Equipment Equipment Annual Equip- 
Variable costs replacement costs fixed charges 


Variable costs ment 


camel | tH eee i = TE) 
on- ment 
Labor®/ wrapse/ Leases/ Total | output Labor3/ teinersh/ 


costsa/ 


pounds 
per 
hour 





a/ Calculated from crew requirements and wage rates given in Table 9. 


b/ 10-ounce retail cartons: 5-1/4" x 1-3/8" x 4", 0.015 solid bleach sulphate. Requirements calculated at capacities indicated plus 2 per cent waste allowance. Price 
estimated at $9.77 per 1,000. 10-ounce overwraps: Five-color print. Price estimated at $4.02 per 1,000. 


c/ Power estimated at 2.5 cents per horsepower hour. Variable repairs estimated as 0.5 per cent of equipment cost per 100 hours operation. 
a/ Cost of replacing all equipment, excluding lease items. For unit costs of separate items, refer to Table 8. 
e/ Rental price of lease filling equipment items. Ten-year lease cost calculated at current prices. 


ef Calculated as 16.5 per cent of equipment replacement cost, including depreciation--10 per cent; taxes--l per cent; insurance--l per cent; interest on investment--3 per 
cent (approximately 5.5 per cent of undepreciated balance); and fixed repairs and maintenance--1.5 per cent. 


g/ Annual rental price. 


h/ 50-pound bags: Multiwall, 1/40 wax, 6-inch tuck-in sleeve, 2/60 wet strength, plein--price estimated at $128.80 per 1,000. 50-pound cases: Price estimated at $128.80 
per 1,000 pounds. 


a/ 2-1/2 pound institutional cartons: 9-1/2" x 5-1/4" x 2-1/2", 0.020 solid manila. Requirements calculated at capacities indicated plus 0.5 per cent waste allowance. 
Price estimated at $23.71 per 1,000. 2-1/2 pound overwraps: Two-color print. Price estimated at $7.54 per 1,000. 





3/ Blanks indicate that container costs do not apply. 
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given above to the total season volume packed in each style .2/ Annual variable 
costs, calculated on this basis, are given in equation (8) below. 


(8) WC = $24.730(H_)(R) + $14.480(H, )(R) + $4 .590(H, )(R) 
where 


TvC is total variable costs of packaging per season in dollars. 
R is 1,000 pounds of plant capacity output per hour. 
H, is number of hours operated, retail style. 
H, is number of hours operated, institutional style. 
i is number of hours operated, bulk style. 


This equation can be used to estimate annual variable packaging costs for 
any proportion of total season volume that is packed in retail, institutional, 
or bulk styles.= 


Annual Fixed Cost 


The annual fixed charges of packaging equipment--for selected capacity 
output rates--are given separately for each style of pack in Table 10. The 
total annual fixed cost of packaging equipment required for handling a given 
Plant capacity is the sum of the annual fixed charges necessary to achieve 
that rate of output in either of the three styles. A generalized expression 
showing how total annual fixed cost varies with the size of Plant--measured in 
Capacity rates of plant output--is given in equation (9) below. 


(9) TFC = $4,345 + $856(R) 
where 


TFC is total annual fixed cost of packaging in dollars. 
R is 1,000 pounds of plant capacity output per hour. 


1/ Total season volume in each style container is calculated by multi- 
plying the number of hours spent per season in packaging each style by the 


capacity rate of plant output per hour. 
tS eae | 


2/ For any given hourly rate of plant output, > and yore the pro- 


portions of total season volume packed in retail, institutional, and bulk 
styles, respectively. 
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Figure 11. Relation of Hourly Variable Packaging Costs 
to Hourly Rates of Output in Lima Bean Freezing Plants 
Equipped to Package Retail, Institutional, and Bulk 
Containers, California, 1958. 








Total Annual Packaging Costs 


Total annual packaging costs—for any given plant capacity and length of 
operating season—-is the sum of the corresponding annual fixed and variable 
cost components. The generalized total season or "planning" cost equation for 
plants packaging any combination of retail, institutional, or bulk styles is 
obtained by combining equations (8) and (9) above and is given in the expression 
below: 


(10) TSC = $4,345 + $856(R) + $2h.730(H,)(R) + $1h.480(H,)(R) + $4.590(H,)(R) 
where 


TSC is the or annual cost of packaging Lima beans 
and (R), (H,,) »(H, ) and (H) are as defined in equation (1) above. 


For any given length of season, proportions packed in the various styles, 
and rate of plant output, equation (10) can be used to estimate total annual 
packaging costs. For example, suppose that a plant with a capacity output rate 
of 5,000 pounds per hour is operating over a 500-hour season. During the 
season assume that 300 hours are spent packaging retail style and that 100 
hours each are spent packaging institutional and bulk styles, respectively. 
With the conditions assumed, the symbols in equation (3) are: 


a = 5,000 pounds of plant output capacity per hour. 

(H_) = 300 hours operated, retail packaging. 

(H; ) = 100 hours operated, institutional packaging. 

(H) = 100 hours operated, bulk packaging. 

Total annual packaging costs can be computed by substituting these values in 
equation (10), that is: 


TSC = $4,345 + $856(5) + $2.730(300)(5) + $14.480(100)(5) + rE fa 
= oe $4,280 + $37,095 + $7,2h0 


Therefore, total season packaging cost for a plant operating under the 
above conditions is $55,255. The planning equation can be used in a similar 
manner to compute total annual packaging or filling costs with any given rate 
of plant output and hours of packaging each of the three styles. 

Total annual packaging costs vary substantially with variations in the 
proportions packed in each of the three styles, The effect of variations in 
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proportions packed in each of the various styles on total annual packaging cost 
is illustrated in Figure 12 for plants with a 500-hour operating season. The 
figure shows the lower and upper range in total season costs as the proportions 
packed vary from 100 per cent bulk to 100 per cent retail. 


Casing 


The principal variations among casing methods involve the degree of mecha- 
nization associated with the case-fill and case-seal operations and the type of 
freezing operation. In California all plants observed used either the tray- 
tunnel or plate-freeze methods for freezing Lima See 

Four methods of carton casing--classified according to their degree of 
mechanization--were analyzed in relation to estimated quantities and costs of 
labor and equipment required at various capacity output rates and length of 
season. Crew requirements for each of these methods described below are sum- 
marized in Table 11. With Methods A and B the equipment requirements and lay- 
outs are equally adaptable for retail or institution carton casing. The machine 
case filling equipment used with Methods C and D is adapted for retail casing 
only, and additional facilities are required for manually filling cases of in- 
stitutional cartons. 

Method A--manual fill and seal--was the least mechanized method consid- 
ered. With this method all job components are manually performed. These 
components include: (1) get full tray from freezer skid and set off to case-in 
table; (2) stencil, form, and stitch case; (3) fill case; (4) seal case; and 
(5) set off to pallet. The stenciling job involves obtaining bundles of flat 
cases from temporary storage, placing them on the stencil table for removal 
of twine bindings, stenciling each flat, and setting it aside for forming and 
stitching. The stenciled flats are formed and the bottoms stitched by a 
worker operating a wire case stitcher. The case-in job involves getting and 
placing the formed and stitched case on a skate-wheel conveyor, grasping six 


1/ For a description of the various methods used in the freezing operation, 
see Reed, Robert H., Survey of the Pacific Coast Frozen Fruit and Vegetable 
Industry (Berkeley: University of California, Division of Agricultural Sciences, 
Agricultural Experiment Station, 1957), 36p. (Giannini Foundation Mimeographed 
Report No. 198.) Processed. 
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Total annual packaging costs, thousand dollars 
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Hours operated 


Retail...200 hrs, 
Inst..... 200 " 
Bulk....100 " 
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Figure 12. 


Total Annual Packaging Costs in Relation to 


Capacity Output Rates for Lima Bean Freezing Plants Pack- 
ing Different Proportions of Retail, Institutional, and 
Bulk Styles for a 500-Hour Operating Season, California, 


1958. 
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TABLE 11 


Crew Requirements for Casing-In Tray Frozen Lima Beans, 
by Methods Used, Rate of Output, and Style of Pack 
California, 1958 
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Retail style Institutional styl 
Manual Manual 
Rate : seal seal 
of of Form} Stitch | Stencil] Dump | Fill and/or Form | Stitch | Stencil] Dump | Fill | and/or 
out us case] case case | trays | case setoff | Total | case | case case | trays | case | setoff | Total 
un 
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hour 





number of workers 
Method A 









a 1 1 Dg 2 a aE 5 ns ak 5 
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1 1 2X 1 1 1 6 1 iy a 1 
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2 2 3 2 2 3 14 i 2 3 7 
3 2 4 3 3 3 18 2 3 4 2 
2 3 5 3 3 4 a1 2 3 5 3 
y 3 6 k y i) 26 3 4 6 3 

Method D 

1 1 x L 1 z a 1 a} 
2 2 1 2 2 2 2 2 2 
2 3 2 3 2 2 3 2 2 
3 4 2 4 3 3 3 3 3 
3 5 3 5 3 3 4 3 3 
4 6 3 6 4 4 5 y 4 





a/ To convert pounds to 2l4/10-ounce cases, divide by 15. 
To convert pounds to 12/24-pound cases, divide by 30. 


b/ Retail carton casing (10-ounce cartons, 24 per case): 


Production standards (cases per hour): Form case (Methods A, B, C, and D)--549; stitch case (Methods A and D)-- 

3 stencil case (Methods A, B, C, and D)--790; dump trays (Methods A, B, C, and D)--334; manual fill (Methods 
A and B)--213; machine fill (Methods C and D)--576; mamal seal and setoff (Methods A and D)--300; machine seal 
and setoff (Methods B and C)--567; and guide cartons (Methods C and D)--576. 


Wage rates: Dump trays, manual seal end setoff, and machine seal and setoff--$1.86 per hour; and all other 
jobs--$1.69 per hour. 


e/ Institutional carton casing (23-pound cartons, 12 per case): 


Production standards (cases per hour): Form case (Methods A, B, C, and D)--494; stitch case (Methods A and D)-- 
334; stencil case (Methods A, B, C, and D)--700; dump trays (Methods A, B, C, and D)--285; manual fill (Methods 
A, B, C, and D)--200; manual seal and setoff (Methods A and D)--290; and mchine seal and setoff (Methods B and 
C)--450. 


Wage rates: Dump trays, manual seal and setoff, and machine seal and setoff--$1.86 per hour; and all other 


jobs--$1.09 per hour. 
af Blanks indicate that this job is not required with this method. 


e/ Tashes indicate that with low output rate this job is performed by the case-forming or stitching crew. 





X, 


retail or four institutional cartons at a time and placing them in the case, 
As the case is filled, it is pushed along the case—in conveyor to the case 
sealing operation, where a worker applies glue to the flaps, usually with a 
3~inch or hminch brush. The sealed case is then set off to a pailet for 
removal to cold storage. 

In Method B—-manual fill, machine seal-—the labor involved in stitching 
the bottom and gluing the flaps is reduced by the addition of a top and bottom 
mechanical sealer and compressor unit. Other labor and equipment requirements 
are the same as in Method A. 

With Method C the labor required to fill the case with retail cartons is 
reduced by the installation of a mechanical caser. In the retail casing opera— 
tion, a worker gets a full tray of retail cartons from the freezer skid and 
dumps them to a 8! x 30" portable dump conveyor. As the cartons move over the 
ends of the dump conveyor, a worker arranges them in single file on the carton- 
intake conveyor leading to the mechanical caser. The caser operator forms 
the case and places it over a sleeve-type feeder where the cartons are filled 
in tier fashion by a pneumatically driven ram lever. When filled, the case is 
automatically released to a conveyor leading through a mechanical sealer and 
compressor and manually palletized for removal to storage. The portable tray- 
dump conveyor can be used as a case~in table for manually filling cases of 
institutional cartons. To use this equipment for filling cases of institutional 
cartons, rather than retail, the portable dump conveyor is moved so as to tie 
in with the leadein conveyor of the mechanical sealer. Workers stationed at 
the end of the dump conveyor manually fill the case with institutional cartons. 
As the cease is filled, it is conveyed through the mechanical sealer and 
compressor, then palletized manually. 

Method D combines the techniques of Methods A and C. Case-in operations 
for both retail and institutional styles are identical to Method C, but the 
sealing is done manually as in Method A. The crew requirements for the retail 
casing operation are slightly less than with Method A but are greater than 
with Methods B and C. The crew requirements for the institutional casing 
operations are identical to those of Method A. 

Crew requirements and estimated equipment requirements are shown in Tables 
11 and 12, respectively. These data are the basis for estimated costs of 
labor and other variable inputs as well as the investment cost and annual fixed 
charge for equipment that are given in Table 13 for selected capacity rates of 


casing. 
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TABLE 12 


Equipment Requirements for Casing Tray Frozen Lima Beans by Methods 
Used and Rate of Output, California, 1958 


Rate of ase~in Pull case Se nM 4) ase tenc } G U0, Set-off a 
outpw tabl machine conveyo: compressor stitcher equipment’ | stan conveyo 
per hour | feet munber feet ber | type nunber feet 


Method A~-lanua and sea 


8 Y 1s? 
16 26 
20 30 
28 i, 
32 62 
ho 60 


Method Be-Manual fill, machine sea 
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8 c nh 10 Bf 
16 B 1 10 1 
20 A 2 10 1 
28 B 2 20 1 
32 3 20 1 
ho A 3 20 i 

Method C==Machine fill and seal 
sh 10 1 
1 10 1 
2 10 1 
2 20 ah 
3 20 1 
3 20 Hk 
1 
1 
1 
a 
Fi 
18 





a/ Equipment requirements for both retail and institutional casing. 


b/ To convert pounds to 2h/10-ounce cases, divide by 153 to convert pounds to 12/2}=pound cases, divide 
by 30. 


c/ Wood construction 30 inches set-on surface for trays; 30 inches case-in surface inclined 25 degrees, 
feet allowed for work place, plant or custom made=-$75 per l-foot section, installed, 


a/ Pneumatic ram-lever type, 1/l-horsepower motor for retail cartons only. Capacity, 576 2)/10-ounce casos 
per hour with 15 per cent allowance for wait and unavoidable delay. Includes tray dump conveyor assembly, 
8! x 30" with 1/-horsepower motor and drive; modified for use as case-in conveyor for institutional 
carton casing. Machine caser--$2,)95, installed; tray dump conveyor-~$719, installed. 


of To convey full cases to sealer-compressor unit or to manual seal and set-off station. 


1. Skate-wheel conveyor, 12 inches wide by specified lengths. 

2. ‘Includes: (1) skate-wheel conveyor, 12 inches by length of case-in table-~$5 per foot, installed; 
and (2) an 8" x 12" belt conveyor with }-horsepower motor for distributing cases to sealer, $27 + 
$10.30 per foot of conveyor, installed. 

3. Belt conveyor, 12 inches by specified lengths. Includes: motor and drives with box turn and/or 
converger units. ‘Installed costs are estimated as $2)7 + $10.30 per foot of conveyor plus $180 for 
each box turn or converger. Conveyors modified for use when casing institutional cartons. 

h. Skate wheel type--$5 per foot, installed. 


t/ Top and bottom sealer and compressor unit, adjustable for different case dimensions. 


g/ Type A: 28-foot compressor, capacity, approximately 1,170 2)/10-ounce cases or 17,500 pounds per hour-= 
$6,160, installed. 
eB: 20-foct compressor, capacity, approximately 810 2)/10-ounce cases or 12,150 pounds per hour=- 
$5,832, installed. 
Type C: 12-foot compressor, capacity, approximately 76 2)/10-ounce cases or 7,10 pounds per hour--$,998, 
installed. 


g/ Standard type, 12-inch throat, capacity, 260 stitches per minute--$675. 

h/ Includes stencil table, wheel, and pad. One set required for each 790 cases per hour--$60. 
A/ Trough type, situated over set-off conveyor. 

j/ Skate wheel, 10' x 12"--$5 per foot. 

k/ Desk’ surface, 22" x 60" x 1", single drawer-~$30. 

Vv Blanks indicate equipment is not used with methods indicated. 
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TABLE 13 
Equipment Replacement Costs, Annusl Fixed Charges, and Variable Costs for Casing 


Tray Frozen Lima Beans by Methods Used and Rate of Output 
California, 1958 





Fixed costs, retail and institutional®/ 





___Variable costs, retail 



















Variable costs, institutional 











ae Replacement eel Annual fixed charges® Miscel~ Miscel- 
ate act — laneous, laneous , 
of Equip- | Belt- power and power and 
output | ment |{ in Total | ment¢/ a/ Labore/ | re airsf/ Casesg/| Total | Labore/ repairst/ Total 








dollars 








17.98 
35.85 
53.82 
71.69 
89.67 
107.54 





17.98 25.55 
35.85 47.38 
53.82 71.02 
71.69 94 60 
89.67 | 118.24 
107.54 | 141.77 





17.98 25.59 
35.85 | 47.38 
53.82 | 71.02 
71.69 | 94.60 
89.67 | 118.24 
107.54 | 141.77 





a/ Identical equipment is used for casing both retail and institutional styles. 

b/ Replacement costs derived from applying unit equipment costs to equipment requirements. 

c/ Estimated as 16.5 per cent of equipment replacement costs. Includes depreciation--10 per cent; taxes--1 per cent; 
insurance--1 per cent; interest on investment--3 per cent (approximately 5.5 per cent of undepreciated balance); and fixed 


repairs maintenance--1.5 per cent. 


a/ Estimated as 25 per cent of belting replacement cost. Includes depreciation--20 per cent; taxes--l per cent; insurance-- 
1 per cent; and interest on investment--3 per cent. 


e/ Calculated from crew requirements and wage rates given in Table il. 


t/ Power: Estimated as 2.5 cents per horsepower hour. Variable repairs: Estimated as 0.5 per cent of replacement cost per 
100 hours operation. Miscellaneous: Includes glue estimated’as $75 per 100 gallons and wire at $28 per 100 pounds. 





g/ Costs based on 24/10-ounce cases, 4 panels, 2 colors, estimated at $90 per 1,000 cases. 
h/ Costs based on 12/2~-1/2 pound cases, 4 panels, 2 colors, estimated at $107 per 1,000 cases. 


i/ Blanks indicate that annual fixed charges of belting does not apply in Method A. 
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Total annual casing costs, related to casing method, style of pack, hourly 
rates of output, and length of operating season were calculated from the data 
given in Table 13. Figure 13 shows these cost relationships for Methods A, B, 
C, and D for three different lengths of season. Method B is shown to be the 
least-cost method for both retail and institutional styles over all ranges of 
output rates considered. Consequently, the equipment, labor, and cost estimates 
for Method B were used in developing a planning equation for estimating casing 
costs in plants packing various proportions of their total pack in retail and 
institutional styles. 


Annual Fixed Costs 


The annual fixed charges shown in Table 13 for Method B operations were 
used to develop the generalized expression showing how these costs vary with 
the size of plant--measured in capacity output-rates-~-as given in equation 
(11) below: 


(11) ‘TFC = $480 + $67(R) 
where 


TFC is the total annual fixed cost of casing Lima beans, and 
(R) is 1,000 pounds of plant capacity output per houre 


Annual Variable Casing Costs 


As with packaging or filling operations, estimation of annual variable 
costs for the casing stage is complicated because they are not related to the 
output of a uniquely defined "product" or style of container. Estimation of 
annual variable casing costs may be simplified, however, by determining the 
relationship between hourly variable costs of casing each of the two styles and 
hourly volumes of output. The procedure involves plotting the variable cost 
points given in Table 13 against hourly rates of output for each of the two 
styles and measuring the "fit" of a line smoothed through the points as 
illustrated in Figure 1h. The figure shows the relation of hourly variable 
cost to hourly volume is approximately linear and through the origin for both 
container styles, This means that unit cost per pound--for casing each style 
of pack--is constant at all capacity rates of casing and is independent of the 
scale of operations. Average unit costs based on the points in Figure 1h are 
$7.952 and 4.712 per 1,000 pounds cased in retail and institutional styles, 
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Total annual casing costs, thousand dollars 
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RETAIL STYLE INSTITUTIONAL STYLE 


Hours f 
operated #£ 
per 


— Method A 
——-— Method B 


10 I5 20 25 30 O 5 lO 15 20 25 30 
Hourly rate of output, thousand pounds 


Total Annual Costs of Casing Tray Frozen Lima Beans by Methods Used, Rate of Output, Length of Season, 


and Style of Pack, California, 1958. 











Variable costs per hour, dollars 
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Figure 1). Relation of Hourly Variable Casing Costs 
to Hourly Rates of Output in Lima Bean Freezing 
Plants Equipped to Case Retail and Institutional 
Cartons, California, 1958. 
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respectively. Total variable casing costs per season can be estimated by 
applying the unit costs given above to the total season volume packed in each: 
style. Annual variable casing costs, calculated on this basis, are given in 
equation (12) below for plants equipped with the least-cost casing method 
(Method B). 


(12) Te = $7.952(H,)(R) + $4.712(H, )(R) 
where 


TVC is total variable costs of casing per season. 
is number of hours operated, retail style. 
is number of hours operated, institutional style. 
R™ is 1,000 pounds cased per hour. 


This equation can be used to estimate annual variable casing costs for 
any proportion of total season volume that is packed in retail or institutional 
styles. 


Total Annual Casing Costs 


Total annual casing costs for any given plant capacity and length of 
operating season are the sum of the corresponding annual fixed and variable cost 
components. The generalized total season or planning cost equation for plants 
casing any combination of retail and institutional cartons is obtained by 
combining equations (11) and (12) above and is given in the expression below. 


(13) TSC _= $480 + $67(R) + $7.952(H,)(R) + $4.712(H, )(R) 
where 


TSC is the total annual cost of casing Lima beans and (R), 
(H,), and (H, ) are as defined in equation (12) above. 


For any given length of season, proportions packed in the various styles, 
and capacity rate of output, equation (13) can be used to estimate total 
annual casing costs. Total annual casing costs for plants casing different 
proportions of retail and institutional styles are shown in Figure 15 fOR 1S 
500-hour operating season. 
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Total annual casing costs, thousand dollars 
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Hours operated: 
Retail...500 hours 


Hours operated: 


Retail...200 hrs. 
Inst 300 " 


Retail.......0 hrs. 
Inst 500 "' 


Aetna 15 20 25 30 
Hourly rate of output, thousand pounds 


Figure 15. Total Annual Casing Costs in Relation to 
Capacity Output Rates for Lima Bean Freezing Plants 
Packing Different Proportions of Retail and Institu- 
tional Styles for a 500-Hour Operating Season, 
California, 1958. 
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Variable Water Inputs and Costs 


Variable water inputs and costs are, for the most part, associated with 
particular stages of plant operation. For convenience, however, the require~ 
ments and variable costs of water for the plant as a whole are summarized in 
this section. Estimated rates of water usage with the types and amounts of 
equipment previously developed for each stage are given for selected plant out- 
put capacity rates in Table 1). These estimates are based on data obtained 
from equipment manufacturers, processors, contractors, and on studies of equip— 
ment operating characteristics. 

Estimated water costs--also given in Table l—-are obtained by applying 
average public utility for industrial water anbiuae? Typical rates involve 
a fixed annual stand-by charge and a unit price of 13 cents per 100 cubic feet 
of water used. The cost data in Table 1 are the basis for estimated total 
water costs shown graphically for selectedtlengths of season in Figure 16 as 
well as for the planning equation below: 


(1h) 7“ * $166 + $15.01(R) + $0.1872(H) + $0.5380(R)(H) 


where 


TVC is total variable water costs per season. 
RY is 1,000 pounds of hourly plant capacity. 
H is hours of plant operation per seasone 


Freezing and First Month's Storage 


As Lima beans are processed during a relatively short season, cold-storage 
requirements beyond the first month depend primarily upon the initial volume 
entering storage and the rate of sales. As costs associated with storage 
beyond the first month can be logically classified as selling expenses, they 
are not considered in this reporte 

Freezing and first month's storage costs, however, enter directly as an 
operating expense. These costs are related to the type of product packed, 


1/ The development of pumping costs for privately owned wells was not 
attempted as the depth to static ground water levels varies widely within and 
among processing areas. 
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TABLE 1) 


Hourly Water Inputs and Variable and Stand-By Costs in Relation to Select 
Capacity Output Rates in Lima Bean Freezing Plants, California, 1958 


TT SSCourrly water inputsé 
Bianching Pick=belt 

| Receiving and second| and filler | Hourly 
Rate of and initial quality distri- | variab 
output cleaning prade bution | Total costs) 
pounds 
per hour thousand gallons dollars 
2.7h 
5.50 
8.31 
11.22 
1.18 


16.2h 





af For equipment items, see specific stage analyses. 


ed 


Annual 
stand-by 
chargeC 


180 
300 
4,00 


eae 


b/ Based on average PUC rates-~approximately 13 cents per 100 cubic feet (750 gallons). 


c/ Stand-by charge for meter service, etc. 
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Variable water costs per season, thousand dollars 








Calculated costs 
=== Planning costs - 
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per season 
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Figure 16. Total Variable Water Costs in Relation to 
Length of Season and Rate of Plant Output in Processing 
Lima Beans for Freezing, California, 1958. 
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style of container, storage or handling methods used, and length of freezing 
season and storage. Development of precise relationships among these variables 
requires a detailed engineering-economic analysis of freezing and storage 
operations. Such results are not available, and the costs used in this 
analysis are based on data obtained from plant records. Accordingly, total 
freezing and first month's storage costs are estimated on the basis of annual 
volume and a unit freezing and storage cost, representative of rates paid for 
custom service by plants studied. Costs estimated on this basis are summarized 
in the expression below and are graphically depicted in Figure 17. 


(15) TSC = $8.30(R)(H) 
where 


TSC is the total annual cost of freezing and first month's 
storage. 
R is 1,000 pounds of plant output per houre 
H is hours operated per season. 


As about 75 per cent of the plants observed rely on commercial cold stor- 
age companies for freezing and storage operation, the costs summarized in 
equation (15) are considered representative of the costs experienced by the 
majority of California plants. 


In-Plant Transportation of Cased Goods and Packaging Materials 


Fork-lift trucks are used in Lima bean processing for transferring cased 
goods to cold storage and for supplying packaging and miscellaneous materials. 
As all these activities are often performed by the same equipment and crew, 
they are combined in this report to form one operating stages 

Net time requirements for the various components of the lift-truck jobs 
observed were measured by time and production studies in a number of freezing 
plants and fresh fruit packing err | Total net time per round trip is 


1/ For a more detailed analysis refer to Sammet, In-Plant Trans- 
portation Costs as Related to Materials Handling Methods--Apple and Pear 
Packing. (Berkeley: University of California, College of Agriculture, 
fers luwrel Experiment Station, January, 1953), 57p. (Giannini Foundation 


Mimeographed Report No. 142.) Processed. (The sixth report in a series on 
Efficiency in Fruit Marketing.) 
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Figure 17. ‘Total Annual Costs of Freezing and First 
Months Storage of Lima Beans in Relation to Rate of 
Plant Output and Length of Operating Season, Califor- 
nia, 1958. 
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comprised of two components-="turn around" and transit time. "Turn around" 
activities involve operations that are common for each trip such as engaging 
the load and set off. Transit time is the time required to move loaded pallets 
to delivery point and return, unloaded, to the pick-up point. Net time require- 
ments on this basis are summarized in the following relation: Net time per 
nound trip = 1.308 + 0.005(D), where "D" represents round-trip distance in 
feet. This expression states that 1.308 minutes are required per trip for 
"turn around" activities plus 0,005 minutes per foot traveled between the pick- 
up and delivery point and return. 

The average round-trip distance from the casing area to the warehouse was 
300 feet in the plants studied. As pallets were normally loaded with 90 retail 
or 45 institutional cases each, the weight per pallet load is approximately 
1,350 pounds .2/ Time requirements for supplying packaging and miscellaneous 
materials were estimated as amounting to 10 per cent of the total trucking 
time. 

With these specifications regarding distance traveled and weight per 
pallet + i lift-truck requirements per 1,000 pounds of plant pack-out are as 
follows ,= 


Job Minutes required 
Transport full cases to cold storage 2080 
Transport packaging and miscellaneous materials 0.231 
Unsvoidable delay2/ 0.578 
Total time per 1,000 pounds pack~out 2.889 


The total time requirement per 1,000 pounds pack-out given above can be 
used to estimate the number of fork trucks and operators required for any 


-—-—— = ese ee wee wr Ce Or ee ert er el ell eller ell ell OCCU rll Or rll rer ee Se hl le 


1/ Retail cases considered in this report contain 2) 10-ounce cartons. 
Institutional cases considered contain 12 2%/2—pound cartons. 


2/ Net time requirements per 1,000 pounds are obtained as follows: 
1,000/1,350 (1.308 + 0.005D). With D specified as 300 feet, net time require- 
ments for transport of full cases is 1,000/1,350 (2.2808) = 2.080 minutes per 
1,000 pounds as given in the above table. 


3/ Includes scheduled rest periods and nonproductive time due to contingencies, 
personal time, etc. Various studies indicate that this varies in particular 
plants from 15 to 0 per cent of the total time input. Twenty per cent is used 
here as a practical minimume 
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given plant output rate. On this basis, one fork-lift truck and driver will 
be required for every 20,700 pounds of plant pack-out. 

Although a large part of the work performed in transporting packaging 
and miscellaneous materials may be accomplished between shifts or during other 
periods of plant inactivity, this portion of the transportation load represents 
only a small percentage of the time required in the over-all transportation 
operation. General observations of plant equipment inventories suggest that 
the procedure used gives good estimates of fork-truck requirements during peak- 
load periods. 

The hourly variable costs of operating a fork-lift truck comprise a charge 
of 29 cents for variable repairs and maintenance, 21 cents for fuel, and $2.10 
for the operator. 

The cost rates and standards presented above are used to estimate the crew 
and equipment requirements and costs given in Table 15. Total annual costs 
based on the entries in the table are illustrated in Figure 18. "Planning" 
costs, represented by the heavy dashed lines in Figure 18, are given by the fol- 
lowing expression: 


(16) TSc = $425 + $48(R) + $1.0800(H) + $0.1300(R)(H) 
where 


TSC is total season cost in dollars of the in-plant transportation 
of cased goods and packaging materials. 
R is 1,000 pounds of plant output per hour. 
H is hours operated per season. 


Investment Cost of Plant Building, Water Piping, and Electrical Wiring 


Plant Building g/ 


The costs of plant buildings used in this study are based on engineering 
estimates of replacement costs for plants of concrete sidewall construction 


1/ Material on the section of building costs is drawn from Sammet, "Economic 
and Engineering Factors . ..," and from Sammet and I. F. Davis, Building and 
Equipment Costs, Apple and Pear Packi Berkeley: University of California, 
College of Agriculture, Agricultural Ba (Berket Station, December, 1952.) 38p. 
(Giannini Foundation Mimeographed Report No. 141.) Processed. (The fifth report 
in a series on Efficiency in Fruit Marketing.) 
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TABLE 15 


Equipment Replacement Costs, Annual Fixed Charges, and Hourly 
Variable Costs of Fork Lift Truck Transportation in 
Relation to Capacity Pack-Out Rates, Lima Bean 
Freezing Plants, California, 1958 


[or 
ment Ey 
cost), 


5,775 
5,775 


5,775 
55775 
11,550 
11,550 


a/ Variable repairs estimated as 0.5 per cent of repiacement cost 


per 100 hours operation. 


b/ Lift truck, standard type, 4,000 pounds capacity, gas driven-=- 


c 


Total annual costs, thousand dollars 


$5,775, delivered. 


of Estimated as percentage of replacement cost. Includes depreci- 


ation--10 per cent; taxes=--l per cents; insureance=--1 per cent; 
interest=--3 per cent; fixed repairs and overhaul--1.5 per cent; 
for a total of 16.5 per cent 


Calculated costs 
=== Planning costs 


Hours operated 
per season 





O 5 10 15 20 25 30 
Hourly rate of output, thousand pounds 


Figure 18. Total Annual Costs of In-Plant Transportation 
of Cased Goods and Packaging Materials in Lima Bean Freez- 
ing Plants in Relation to Rate of Plant Output and Length 
of Operating Season, California, 1958. 
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with a clear height to the roof trusses of 18 feet. In general, the estimating 
procedure involves two major steps: (1) determination of floor space require- 
ments for a series of efficiently organized plants of different capacity out~ 
put rates and (2) estimation of construction costs for each building in the 
series by applying current prices to the quantities of labor and materials 
required for each structure. 

Floor space requirements for well-organized plants of. various capacities 
were developed from an analysis of floor plans of plants cooperating in the 
study. Space for processing, temporary raw product storage, packing materials 
storage, boiler room, repair shop, rest rooms, and offices is included, while 
space for freezing and cold-storage facilities is not. Space requirements in 
terms of total roofed area for plants of three different capacities are given 
in Table 16. These estimates are the basis for a general expression of space 
required in relation to plant capacity as follows: A = 5,000 + 1,005(R). In 
this expression the symbol A represents the total roofed area of the building, 
excluding freezing and cold storage facilities, while R represents 1,000 pounds 
of plant-output capacity per hour's 

Estimated construction costs for the type of building construction con- 
sidered in this report are given in Table 16 plants of three different sizes. 
These costs are the basis for a generalized expression showing total building 
investment replacement costs in relation to plant size as measured by capacity 
outpug rates. This expression is given in equation (17) below. 


(17) C, = $24,930 + $3,1L0(R) 
where 


C 


B is building replacement cost in dollars and R is 2,000 pounds 


of plant output per hour. 


An annual charge of 8.9 per cent of replacement costs is applied to 
equation (17) above to give the annual fixed charge for depreciation, taxes, 


insurance, interest, and repairs.2 


1/ These charges include depreciation 2.5 per cent; taxes 1 per cent; 
instrance 0.6 per cent; interest on investment 3 per cent (approximately 
5.5 per cent of the undepreciated balance); and repairs 1.8 per cent--for a 
total of 8.9 per cent. 
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TABLE 16 


Estimated Construction Cost of Concrete Wall and Concrete Float, oxoand Level), Frozen Lima Bean 
Processing Plants in Relation to Size of Building, California, 1958 


Total quantity Total cost 
Unit Plant | Plant | Plant | Plant | Plant 
; Item Units cost A B C A B Cc 
| dollars | 


dollars |_thousand dollars | 












Roofed area 


Grading 
Floor 
Walls: 
Exterior 
Interior 
Ceiling 
Roof and frame 
Doors: 
Swing 
Overhead 
Windows 
Heating 
Ventilation 
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Subtotal 


Paving and siding 


Railroad siding 
Paving 


Subtotal 


6 
° 


























Lineal feet 
1,000 square feet 





Total direct cost 


Contingencies, 5 per cent 
of direct cost 
Architectural and engineering 
fees, 2 per cent of 
direct cost 
Contractor's overhead and profit, 
16 per cent of direct cost 


Total cost 


af Excludes freezing and cold storage facilities, electrical wiring, and water piping. 


b/ Quantities of each construction unit estimated from space requirements of plants of three different 
capacities. Plant A ig designed for a maximum hourly capacity of 10,000 pounds packouts Plant B, 20,000 
pounds; and Plant C, 30,000 pounds. ; 


Source: Sammet, L. Le, "Economic and Engineering Factors in Agricultural Processing Plant Design" (Ph.D. 
thesis, University of California, 1958), )3hp. 
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(18) AFC, = $2,219 + $280(R) 


Equations (17) and (18) were used to estimate total building investment 
replacement costs and annual fixed charges in relation to space requirements 
of plants of selected capacities. These costs are summarized in Table 17. 


Electrical Power Distribution 


Processing plants of identical floor space area may vary widely with 
respect to electrical power requirements because of differences in the power 
requirements of different types of equipment. For this reason, investment 
costs for electrical wiring are shown as a separate cost component and are 
not included as a part of the building costs developed above. Variable costs 
of electrical power inputs are included in the particular stage of operation 
to which they apply. 

Costs of electrical-wiring systems used in this analysis are based upon 
engineering estimates of replacement costs. The initial step in the estimating 
procedure used was to determine power wiring and illumination requirements for 
a series of well-organized plants of different capacities. This involved 
drawing power and light circuit layouts showing the number and distribution of 
motors, light fixtures, and switchboards, together with motor horsepower ratings 
and wattage requirements for illumination. The data derived from these drawings 
provided the basis for estimating the quantities and types of equipment needed 
for each installation, 

Costs of installation and materials were then estimated by applying current 
prices to the quantities of labor and materials required for electrical power 
distribution in each size of plant considered. The prices used in the 
development of labor and materials cost, including charges covering con- 
tingencies, profits, and fees, were obtained from electrical contractors. The 
replacement costs estimated in this manner were then related to plants of 
various size as measured by capacity output rates and summarized in Table 17. 
Investment replacement costs of power distribution systems-~based on the costs 
given in the table and related to the plant capacity output rates--are given 
in the generalized expression below. 
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TABLE 17 


Floor &pace Requirements, Replacement Costs, and Annual Fixed Charges of Plant 
Building, and Electrical and Weter Supply fFystems in Relation to 
Capacity Output Rates, Lima Beans, California, 1955 


Electrical s oysten Water supply system | Total 
Replace= 

men pe 
coste/ charge, £/ 





pounds , square 
per hour feet 


| 5,000 : 10,025 | 0,630 | 3,619 305 
10 ,000 15,050 | 56,330 5,019 5,160 
15,000 | 20,075 , 72,030 | 6,LI9 6,015 
20,000 25,100 . 87,730 7,819 6,870 
25,000 30,125 + 103,30 9,219 73105 
30,000 35,150 119,130 


10,619 | 8,580 1,435 


LY 





a/ Index of plant size. 


b/ Estimated from relation: A = 5,000 + 1,005(R), where A is roofed area excluding freezing and cold 
storage facilities and R is 1,000 pounds plant output per hour, 


c/ Estimated from relation: C,* 2h,930 + $3,14)0(R). 
@/ Estimated from relation: AFC, = $2,219 + $280(R). 
e/ Estimated from relation: C, = $3,450 + $171(R). 
f£/ Estimated from relation: AFC, = 4307 + $15(R). 
g/ Estimated from relation: G, = 25300 + $60(R). 
h/ Estimated from relation: AFC, = 205 + $y1(R). 
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In equation (19) the symbol Cp refers to investment replacement cost of power 
distribution while the symbol R refers to 1,000 pounds of plant capacity out- 
put per hour. 

An annual charge of 8.9 per cent of replacement cost was used to cover 
depreciation, taxes, insurance, repairs, and teverest a” Annual fixed charges 
of electric power distribution are obtained by applying this percentage to the 
expression given in equation (19) above. The result is given below: 


(20) AFC, = $307 + $15(R) 


In equation (20) AFC, is the annual fixed charge of electric power distribution 
and R is as defined previously. 


Water Supply System 


The quantity of water delivered through the piping system of a given plant 
depends upon the gauge pressure at the source of the plant water intake; 
diameter, length, and age of piping; and number, size, and types of orifices 
and valves, etc. 

Estimation of replacement costs of plant water supply systems parallels 
the procedure used in the estimation of electric power wiring. This involves 
the preparation of a number of piping layouts showing the number and distri- 
bution of equipment items, flumes, pumps, and personal service facilities 
together with estimated water use sitions =/- The size and quantities of industrial 
piping needed to supply plant water requirements with a given intake pressure 
were estimated from these Layouts .2 Costs of installation and materials were 


1/ These charges are allocated in the same manner as for buildings. 


2/ With the plant layouts considered, standard equipment items are arranged 
in Straight line fashion. Plant water mains are 18 to 20 feet above floor 
level, with tap-ins or drops averaging 15 feet each in length. Additional 
footage is provided for branch runs and drops to account for dispersement of 
boiler room,laboratory, and personal service facilities such as -rest rooms ‘and 
drinking fountains. Estimated water use rates and variable costs are presented 
in Table 12, page $1, of this report. 


3/ Selection of pipe size was made s0 as to provide 25 pounds per square 
inch minimum pressure at equipment discharge points, with 60 pounds per square 
inch pressure in city distribution main. 
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then estimated by applying current prices to the quantities of labor and materials 
needed in each size of plant considered. The investment replacement costs 

so estimated were then related to plants of various size as measured by selected 
capacity output rates. Costs estimated in this manner are summarized in Table 

17. A generalized expression showing investment replacement costs of water 
supply systems in relation to plant capacity output rates is given in equation 
(21) belows 


(21) G, = $2,300 + $460(R) 


The symbol Cy refers to investment replacement cost of water supply systems of 
Lima bean plants, and R is 1,000 pounds of plant capacity output per hour. 

The annual fixed charge of plant water distribution systems is obtained by 
applying an annual charge of 8.9 per cent to the above estimate of replacement 
costs. This includes amounts for depreciation, taxes, insurance, interest, ard 
repairs that are identical with those applied to buildings and electrical power 
systems, Snnaal charges based on this percentage and the estimated replacement 
costs are summarized in Table 17. A yeneralized expression based on these 
costs is given in equation (22). 


(22) AFG, = $205 + $41(R) 


The symbol APC, refers to the annual fixed charge of plant water distribution 


systems, and R is as previously defined. 


Summary of _ Building, Electrical Wiring, and Water Supply Costs 

Total costs in this category are simply the sum of the costs of building, 
water, and electrical facilities. The totals as to investment cost and annual 
fixed charge for plants of selected capacity rates are given in Table 17 and 
are shown graphically in Figure 19. 


1/ The quantities and prices of construction inputs were derived from 
estimates obtained from commercial contractors on the basis of the specifi- 
cations provided. 
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Figure 19. Annual Fixed Costs of Building and Electrical 
Power and Water Distribution Systems in Lima Bean Freez= 
ing Plants in Relation to Capacity Rate of Plant Output 
(Size of Plant), California, 1958. 
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Supervision and Miscellaneous Labor 


Labor associated directly with a particular operating stage has been 
included in each stage analysis. There are several additional categories of 
general supervision and labor categories, however, that are not directly related 
to aspecific operating stage. These include the plant superintendents; 
foremen; subforemen; foreladies; and quality control, utility, and cleanup 
workers. Some plants are also under continous U. S. Department of Agriculture 
inspection which requires the presence of a federal inspector during each 
operational shift. 

Total annual costs of these general categories vary widely among plants, 
primarily in relation to the size of the operation and length of season. Data 
relating to these cost categories were obtained from accounting records of the 
firms studied. Analysis of these data resulted in the following generalized 
expression which relates the costs of supervision and miscellaneous labor to 
capacity output rate and hours operated per seasons 


(23) TSC = $2,800 + $7.110(H) + $1.2h0(R)(H) 
where 


TSC is total season cost of supervision and miscellaneous labor 
in dollars. 
R is 1,000 pounds of plant output capacity per hour. 
H is hours of plant operation per seasone 


Costs based on the above expression are shown graphically in Figure 20. 
Administrative and Office Costs 


The administrative and office cost component includes salaries of 
administrative office employees, plant managers, and field men. It also 
includes expenditures for professional services, office supplies, telephone, 
licenses, dues, subscriptions, and donations. It does not include selling 
costs. 

Administrative and office costs are related to both size of plant and 
length of season. However, it was not possible to develop a precise relation— 
ship among these variables from plant record data. This was due to the 
difficulty of separating administrative costs attributable to Lima bean proe- 
essing: in multiple- product plants and because of the multiple nature of the 
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Figure 20. Total Annual Costs of Supervision and Miscellaneous 
Labor in Plants Processing Lima Beans by Freezing Related to 
Length of Season and Rate of Plant Output, California, 1958. 
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Figure 21. Total Annual Costs of Plant Administration in 
Relation to Length of Season and Rate of Plant Output in 
Plants Processing Lima Beans by Freezing, Califomia, 1958. 
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duties performed by some administrative personnel. Consequently, total 
administrative costs—-drawn from an analysis of accounting record data of plants 
cooperating in this and other studies--were developed by applying a constant 
unit cost based on the allocation of these costs to various products on a totak 
season volume basis. This relation is given by equation (2) below and is 
graphically depicted in Figure 21. 


(2h) TSC = $5.51(R)(H) 
where 


TSC is total season cost of plant administration in dollars. 
R is 1,000 pounds of plant capacity output per hour. 
H is hours of plant operation per season. 


Miscellaneous Equipment 


Equipment items associated with a particular operating stage have been 
included in the estimates of stages costs presented in earlier sections. Many 
equipment items such as repair, fabricating, laboratory, and housekeeping 
equipment are not assignable to particular operating stages and are considered 
as comprising part of general plant overhead. These are grouped together and 
summarized in Appendix A, Table 1, for inclusion in total plant costs of proc- 
essing Lima beans for freezing. Total season costs of these equipment items-~ 
related to plant output and length of season--are represented in the equation 
below. Estimation of these costs is based on annual fixed charge of 16.5 per 
cent of the equipment replacement cost and a variable charge of 0.5 per cent of 
replacement cost per 100 hours operation for variable repairs and maintenance. 


(25) TSC = $2,072 + $9.00(R) + $0.3250(H) + $0.1300(R) (H) 
where 


TSC is total season cost of miscellaneous equipment, and R 
and H are as defined above. 


The cost relations stated in the above expression are graphically 
illustrated in Figure 22. 


vi. ee? s siti | Seuilevek: otow-sto hyde odds Bae pide i sereanbacek., 
‘Estot 8 to adouboud escitet of efaco seeds Uo moidoostis ot ao bssed ¢apo tiaw 
ae et bas woled (US) mokterps yd Bee ei notseiot sinT .stesd omelov acessa 

eid Otglt nt betetqeb yilsokdqarg 


(H)(H)L2.2¢ = oor Gis) 
Sted 


eatsilob at rotiswelmimbs graiq 16 deos. soasse [stot at O87 
etrod ssq duqdeo ylorqss gmaiq to ebturog o0e, £ of A 
stosssa tsy nokisteqo gnelg to etwod at 8 


itaed evo esate gnidstogo tafrotited 8 ddty betetooses amadt trompio pl 
YM .Qoosdnet whines af bedaesory edeeo eogsta ‘le sovemisao edd at hobu font 
a saigqes#easod bas yytotetodel ,~anidsoPicst ,uirget as dove ensdt toomytepe 
| borshianco ots bas asgede guitetege teleottiag of efdensices fom ots doomginps 
bas toldegot baguotg ois oaedT sbssrtevo dnefq {etensy le ¢isq gikebiqmoo as 
wodag to egeoo dusiq tadot at noteufoni 107 ei olds? .A xitbssaga al bortisanss 
o weamode dematups eed lo adeos noussa Layo? syatseortt “ol enasd smht goteas 
%s | otdespe ed al bediancqer ots--acases ‘lo dtgqoes bas Jagdeo inefq of bedator 
$94 2005 Uo. ogteds boxht Launts no boesd ab staos seeds Yo noltemiged woled 
_"» dass vsq d.0 To satedo ofdeitey abuse $ao0 dnemsosiqoy snongiine edd toe $290 
soomenedatan bers aiiaget eldabtsy tol aotisteqo ewrorl OOF «aq fa00 doemageloor 


(H)(AODELO® + (HORSE. OF + (ANOS + STO,L4 = DAT (2S) 
erode 


Hf has ,Jcsngiepe svoanelfoosim to Jeon moeses {stot et oar 
sevads ben iten es ote H bre. 


vilfsoliget; sis sotsessqxs Svode slg nz bogate eitokdwten seoo edt 
SS omigit nt betonteyllt 





Total annual cost, thousand dollars 








Hours operated pia 
1000 


750 
500 
250 


@) 5 10 15 20 25 30 
Hourly rate of output, thousand pounds 


Figure 22. Total Annual Costs of Miscellaneous Equipment 
in Plants Processing Lima Beans by Freezing Related to Rate 
of Plant Output and Length of Season, California, 1958. 
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TT. 
TOTAL FIELD ASSEMBLY AND PLANT COST 


In the preceding sections total costs in relation to volume of output and 
other conditions of plant operation were developed for each of several operating 
stages, In this section the cost relationships for individual stages as well 
as general costs not associated with specific stages are combined into total 
costs for the entire operation, 

Total plant cost is affected by the rate of output, length of operating 
season, style of pack, the manner in which field and plant operations are in- 
tegrated, the wage rates paid, and other factors. The effects of variations 
in the more important of these factors have been considered specifically in the 
stage~cost analyses. Fixed values were taken for certain other factors con- 
sidered unlikely to vary enough under ordinary circumstances to have a 
significant effect on total costse Specifications relating to such factors-~ 
most of which have been previously discussed-~are summarized below. 


1. Plant size is defined in terms of capacity output rate. Specific 
consideration is given to six different plant capacities varying in 5,000 
pound increments over the range 5,000—30,000 pounds of raw product "through- 
put" per hour 4 

2. A maximum of eight hours temporary storage (with ice) is allowed be- 
tween vining and processing and is assumed to have no measurable affect on 
quality. 

3. In each plant considered, packaging and casing equipment are provided 
for each style of pack—-retail, institutional, and bulk--with capacity for 
handling the entire plant throughput in any single style of pack. 

le Repackaging operations were not considered. 

5S. Straight-time wage rates as specified in the 1958 Collective Bargaining 
Agreement Between Frozen Food Processors and the California State Council of 
Cannery Unions were used in the development of in-plant labor costs. These 


1/ "Throughput" is the rate of flow of raw product that is handled by the 
labor and equipment of each operating stage. In~process losses in product 
weight due to maturity grade separation are partially or wholly offset by weight 
gains attributable to water absorption and are assumed to have negligible effect 
on the selection of processing equipment based on capacity. The major effect 
of quality, as measured by overmature and defective beans, is on labor require 
ments of the visual inspection and manual quality separation stage. 
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rates were increased 6 per cent to allow for employer payroll contributions. 
Field labor costs used in estimating costs of vining and field assembly operas- 
tions were based on typical wage rates observed among plamts cooperating in the 
studye 
6. Selling costs and storage costs beyond the first month were omitted. 
7. The costs of raw product are not included. 


Separate Planning Costs for Field and Plant Activities 


Planning cost equations that were developed in preceding sections of this 
analysis are summarized in Table 18. The operating stages are listed in the 
first column of the table, while each of the remaining columns relates to a 
variable used in deriving the planning equations relating to the separate 
operating stages and cost components. Individual planning cost equations 
taken from the stage analyses presented earlier--can be read directly from the 
table by applying appropriate coefficients given in the body of the table to 
the variables listed in the column headings. For example, the cost equation 
for vining readfrom the first line of Table 18 is: TSC, = $3+929 + $2 ,633(R) 
+ $0.3691(H) + $7.99(R)(H); in which TSC, represents total season vining cost, 
and the variable (R) and (H) are as described previously. 

Planning cost equations for plant and field operations are obtained by 
aggregating the equations representing costs of the individual stages and cost 
components. Thus, the planning cost equation for total field and assembly 
operations is obtained by summing the entries on lines 1 and 2 of Table 18. 
This gives: 


(26) TSC, = $3,929 + $2,633(R) + $0.3691(H) + $7499(R)(H) + $1440(1og, QD) (R) (H) 


The planning cost equation for the total in-plant operation is similarly 
obtained by summing the entries in lines 1 to 12 of Part B of Table 18. This 
expression, read from the last line of Table 18, is given in equation (27) below: 


1/ The individual operating stages were so defined as to be independent 
with respect to stage costs. Total plant cost relationships then are given by 
Simple summation of stage-cost relationships. 
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TABIE 18 


Summary of Planning Cost Equations for Operating Stages and Cost Components in Field Assembly and 
Processing Operations for Plapts Processing Lima Beans for Freezing, California, 1958 


Variables 


t t si 
it opt ewes Haya) Looe > (edn Loven) | | :p [Hy 
REESE ar pressed 


ents or m ers expresse 


A. Field or assembly costs 
1. Vining 
2. Transportation to plant 


Total field or assembly 
costs 


B. In-plant_ costs 


1. Receiving, initial cleaning , 
oe quality grading 4.5882 


2. Blanching and second- 
sn A grading 5.6773 


Visual inspection and 
manual quality grading 8.6500 


Packaging 2he730 
Variable water costs . 5| 0.1872 
Casing 70952 


In-plant transportation of 
cased goods and packaging 
materials 


Freezing 
Plant investment costs 


ae ildings 2,219 
b. Electrical wiring 307 
c. Water piping 205 


Supervision and miscel= 
laneous labor 2,800 


Plant administration 
Miscellaneous equipment 1,072 
Total in-plant costs 15,353 





a/ The variables of the planning cost equation are defined as follows; 
(R) = 1,000 pounds of plant output capacity per hour. 
(H) = mumber of hours of plant’ operation, per season. 


(R)(H) = total season volure obtained by mltiplying 1,090 pounds of plant hourly output times the number of hours 
opereted per season. 


Log D (R)(H) = logarithm of the distance from viners to plant multiplied by total geason volume (R)(H)- 


(R)(H)(P) = total season volume multiplied by the percentage of grade-out remsining after mechanical quality 
separation and mst be manually graded on an inspection belt. 


(H,)(R) = mmber of hovrs operated per season packaging retail style times the plant output rete (R) as defined 
oa in thie footnote. 


(H, )(R) = mmber of hours operated per season packaging institutional style times the plant output rate (R) as 
. defined in this footnote. 


number of hours operated per season packaging bulk style times the plant output rate (R) as defined in 
this footnote. 


(H,)(R) 


b/ Represents the fixed annual charge. 


ae 
V Wen 
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(27) TSC, = $15,353 + $1,870(R) + $27.6177(H) + $18.3142(R)(H) 
+ Q,1110(R)(H)(P) + $32 6662 (H_) (R) + $19.192(H, )(R) 
+ $4059(H,) (R) 


Equation (26) can be used to estimate total field costs—-vining and 
assembly-~for any given rate of vining output, number of hours of vining operas 
tion per season, and distance of haul from viners to plant. Equation (27) can 
be used to estimate total in-plant processing costs for any given rate of plant 
output, number of hours of plant operation per season, percemtage of manual 
grade-out, and hours spent in packaging each style of pack. To illustrate the 
procedure, consider a plant that has a capacity output of 10,000 pounds per 
hours operates 250 hours packaging retail style and #50 hours packaging institu- 
tional style for a total season of 500 hours; and maintains a brine concentration 
in mechanical quality graders such that manual grade-out percentage averages 
5 per cent. Assume further that the vining capacity output rate is also 10,000 
pounds per hour and that the average distance from viners to plant is 10 miless 
Based. on these assumptions, the variables appearing in equations (26) and (27) 
have the following values: 


R= 10 H, = 250 
H = 500 H, = 250 
D= 10 H, = 0 
Ped 


Substituting these values in the total cost equations given above gives 
total annual costs of $77,394 for field and assembly operations and $271,893 
for in-plant processing. 

Average cost is found by dividing total annual cost by the number of 
pounds packed. In the above example, the total number of pounds packed during 
the season is the product of the rate of hourly output and the number of hours 
operated, or 5 million pounds. Dividing this amount into estimated total costs 
gives a unit cost of field and assembly operations of 1.548 cents per pound 
and an average cost of in-plant prosessing of 5.438 cents per pound. 
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Combined Planning Costs for Field and Plant Activities 


The develoyment of combined processing costs reflecting efficient orgeni- 
zation requires finding the least-cost combination of hours operated per 
season and hourly output rates of field and plant operations. The integra- 
tion or programming of vining and plant facilities and operating hours so as 
to achieve lowest total annual cost for handling any given season volume of 
Lima beans is discussed in this section. 


Integration of Field and Plant Operations 


Institutional and operating restrictions--such as collective bargaining 
agreements, custom, the length of harvest season, and the number of hours it is 
possible to operate per day--place limits on the number of combinations of capa- 
city output rates and hours of operation but allow much variation. An additional 
consideration is uncertainty in some aspects of scheduling field and plant 
activities. This requires flexibility in the design of plant and vining 
facilities that will give relatively low costs over a range of output rates and 
operating hours near the least-cost level. 

While all possible combinations of plant and field output rates and opera- 
ting hours are not considered, four important alternatives are presented in 
Figure 23. Two sets of curves are shown--one based on 30 and the other on 40 
days of operation per season. Each of the cost curves shown in Figure 23 
represent unit costs of processing Lima beans for freezing with least-cost 
techniques for selected combinations of field and plant capacity output rates 
and daily operating hours. In the cases presented, a maximum of eight hours 
temporary storage (with ice) is allowed between vining and in-plant processing; 
and this is assumed to have no measurable effect on quality. It is also 
assumed that daily operating hours and rates of output of vining and pliant 
operations are such that the total volume vined per day is equal to the total 
volume processed. In recognition of time lost daily in lunch periods, changing 
shifts, cleanup, equipment servicing, rest periods, and other delays, a maximum 
of 16 hours operation per day was applied in these examples. This conforms 
closely to the maximum daily operating hours observed in plants cooperating in 
the study. 

The four cases presented are (1) a single 8-hour shift per day in both 
plant and vining operations; (2) two 8-hour shifts of plant and vining opera- 
tions per day; (3) one 8-hour shift of plant operations per day with two 8-hour 


shifts of vining; and (4) two 8-hour shifts of plant operations per day with 
one 8ehour shift of vining. The least-cost combination of season volume, hours 
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Figure 23. Relation of Average Planning Costs to Season Volume With Four Levels of Restrictions on Daily 
Plant and Vining Operations in Processing Lima Beans for Freezing. California, 1958. 
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of operation per season, and output capacity rates were worked out for each 
cases The cost curves presented for these four cases are based on: season 
packout consisting of 70 per cent in retail cartons, 20 per cent in institutional 
cartons, and 10 per cent in bulk bags or cases; length of haul (viners to 
plant)--10 miles; and manual grade-out——-5 per cent. Specification of other 
values for these variables would not materially affect the general relationships 
developed. 

Several general characteristics of average cost behavior as illustrated 
in Figure 23 are noted. First, withany given pattern of daily operating hours 
and length of season, total season hours are fixed and so differences in total 
season volume necessarily involve changes in scale of plant as measured by 
planned capacity output rates. Consequently, each point on a particular curve 
represents average cost with a different plante-" With a given length of 
season and over a wide range of plant capacities, unit costs decrease as plant 
capacity increases, This reduction in unit costs associated with increased 
scale of output results from more effective utilization of supervision and 
other partially fixed labor inputs and the substitution of various cost reducing 
techniques in the larger plantse Second, plant capacity rates necessary to 
achieve any given season volume decrease as hours of operation per season 
increase. As planned capacity rate with a fixed season volume decreases, 
investment cost and the corresponding annual fixed charge are smaller which 
tends to give lower unit fixed costs. As planned capacity is decreased, however, 
some of the cost advantages of increased scale are lost and this tends to give 
increased costs per unit. 

Thus, the behavior of unit planning costs varies with both length of 
season and capacity output rates, and efficient organization of plant and field 
operations calls for balancing the net cost effects of scale of plant and 
operating hours. The average cost curves illustrated in Figure 23 reflect the 
effects described above. Except with relatively small season volumes, average 
planning costs with any given season volume and combination of vining and proc 
essing plant hours are lower with a 0-day than a 30-day season. Unit costs 
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l/ The least-cost combination of hours and rates for any given season volume 
is obtained by minimizing the planning equations representing total annual costs 
of vining and plant operations--equations (26) and (27)--subject to appropriate 
constraints on maximum daily operating times and temporary storage allowances 
for a given length of season. For technical details of the solution, see 
Appendix B, page 101. 


2/ "Plant" refers to both vining and in-plant processing facilities. 
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are lowest over a wide range of season volumes when both vining and plant 
facilities are planned for a two-shift operation per day, the maximum daily 
operating time considered. As total season volume becomes smaller, however, the 
effects of decreasing scale become more important. With a lo-day season, for 
example, and for total season volumes below three million pounds, Figure 23 

shows that lowest costs are achieved by operating two vining shifts and one 
plant shift per day, so that vining capacity rate of output is one-half that of 
the plant. The effect of scale is much more pronounced in regard to plant than 
vining operations, and this explains the shift in the low-cost combinations of 
daily vining and plant hours illustrated in the figure. 

For the range of operating conditions specified, the above demonstrates 
that efficient handling of any season volume would call for plant and vining 
facilities of capacities such that operations were for the maximum number of 
hours available during the season except in cases where the season is relatively 
long and the total season volume relatively small. In the cases excepted, 
costs are lower with planned plant capacity greater than that of the vining 
facilities, and minimum cost operation wo ul da require that hours of vining 
per day exceed hours of plant operation. 


Problems of Flexibiltiy 


One of the more important problems in processing Lima beans for freezing 
is how to adjust economically to considerable fluctuations in daily volume of 
product during the operating season. In addition to variations in daily vol- 
ume, there are &lso variations in the proportions of Lima beans packed in 
various size containers and grades. 

Two types of adjustment to variations in daily volume are used. In one, 
hours of daily operation may be varied and the plant and vining facilities 
operated at their most efficient rate of output with little change in cost 
rates, except where overtime pay is required. A second type of adjustment is 
applicable where there is a large reduction in daily volume relative to total 
capacity. The total labor force then might be reduced and the plant operated 
at less than capacity output rates. This is particularly true if collective 
bargaining agreements and the maintenance of satisfactory labor relations 
require that workers be paid for a minimum number of hours per day. 

Large fluctuations in the volume of product received as well as daily 
variations in the proportions of Lima beans which must be packed in various 
size containers and grades are best handled in plants designed to operate with 
some degree of flexibility. A considerable amount of flexibility has been 
provided in the design of plants synthesized in this study. For example, 
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inclusion of facilities for temporary storage prior to the blanching operation 
provides some insurance against hour-to-hour fluctuations in plant receipts. 
Also, large variations in the proportions packed in the various size containers 
and grades are allowed for by providing filling and casing equipment capable of 
handling any given plant output in either retail, institutional, or bulk con- 
tainers. Moreover, the values and standards on which the planning cost equations 
for specific operating stages are based are themselves "averages"which permit 
small ranges of variation around any given rate of outputs 

Comparison of costs as developed above with those in plants lacking pro- 
vision for flexibility in output rate will indicate the extent to which costs 
are affected by incorporation of this feature in the plant designs used in this 
study. Calculations for the constant-rate plants may be made easily by adjust 
ing the results already given for deletion of special equipment required to 
provide flexibility. This involves minor adjustments in annual fixed charges 
for filling and casing facilities, for temporary storage of incoming raw prod= 
uct, and for building space. These adjustments reduce costs below the levels 
given above by less than 1 per cent and would not materially affect the cost 
relationships indicated in this reporte 


The Planning Equation for Combined Field and Plant Processing Activities 


From the preceding demonstration, it appears that over a wide range in 
season volumes, least-cost operation occurs with full-time daily operation-- 
that is, 16 hours per day—in both field and plant. In the range of small sea~ 
gon volume where this is not true, total costs with alternative combinations 
of field and plant hours differ by only a small amount from the level with full~ 
time daily operation. This means that a close approximation to results based 
on least-cost combination of field and plant hours may be obtained if full-time 
daily operation in both these areas is assumed through the entire volume range 
considered. Since this assumption greatly simplifies the estimation of com 
bined field and plant costs, it is applied in the analysis which follows, It 
permits the formation of planning cost equation for the combined operations by 
simple summation of the planning cost equation for field (equation 26) and 
plant operations (equation 27). The result is given below in equation (28): 


(asp) = $19,282 + $4,503(R) + $27.9868(H) + $26.302(R) (H) 
+ $1.h0(log, .D (R)(H) + $0.1110(R)(H)(P) + $32 .682(H,,) (R) 


+ $19.192(H, ) (R) + $4..590(H, ) (R)e 
The variables (R), (H), (D), (P), etce, are defined in Table 18, page 79- 


(28) TSC 
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Average cost perl1,000 pounds pack-out is obtained by dividing the costs 
estimated in equation (28) above by the total season volume. 

Equation (28) can be used to estimate total and average costs with effi~ 
cient field and plant organization for any given size of plant, length of 
operating season, style of pack, percentage manual grade-out, and distance of 
haul from viners to plant. In the discussions to follow, use will be made of 
this equation to demonstrate how variations in the above variables affect total 


and average costs of processing Lima beans for freezing. 


Esonomies Related to Size of Plant and Length of Season 


The effect of size of plant (rate of output) and hours operated per season 
on total and average planning costs will be illustrated for plants operating 
under the following conditions: average distance of haul (viners to plant) is 
10 miles; manual grade-out averages 5 per cent; 70 per cent of the total season 
volume is packed in retail cartons; 20 per cent in institutional cartons; and 
10 per cent in bulk bags or cases. Estimates of total and average costs are 
obtained by substituting these values in equation (28) for each length of season 
and rate of output considered. The planning costs so computed are shown in 
Figures 2), and 25 for plants operating under the conditions specified. The 
general relationships presented would be approximately the same, however, if 
the variables were specified at different values. 

The rate of reduction in average planning cost as the rate of output (size 
of plant) increases is shown in Figure 2). The curves in the figure show that 
average cost drops rapidly--for any given length of season—-as the size of plant 
increases. The decrease in average cost as plant size increases is primarily 
due to more effective use of supervision and other partially fixed general 
labor costs and the substitution of various cost reducing techniques in the 
larger plants. The figure also shows that major cost-reduction possibilities 
through increased scale of operations are in plants of relatively low capacity 
and that advantages of increased scale are relatively small in plants above 
20,000 pounds per hour capacity. Under the conditioms assumed and with an 
operating season of 500 hours, for example, average cost for a plant operating 
at a capacity rate of 5,000 pounds per hour falls approximately $2.66 with each 
increase of 1,000 pounds in planned capacity. At a plant capacity of 10,000 
pounds per hour, average cost falls approximately 66.5 cents with each 1,000 
pounds increased capacity, and at 20,000 pounds per hour this figure is only 
16.6 cents per 1,000 pounds added capacity. 
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Figure 2. The Effect of Size of Plant (Capacity Rate of Output) on Total and Avorage Planning Costs for Three iy 
Lengths of Season, California, 1958 
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Figure 25 demonstrates that average planning costs decrease as length of 
season-=with a given capacity output rate--is increased and the annual fixed 
charge spread over a larger total volume of output. For any given capacity 
output rate, substantial reductions in average cost are indicated as the 
length of season is increased from 200 through 1,000 hours. However, economies 
associated with increased length of season become relatively less important 
for seasons in excess of 750 hours. To illustrate the magnitude of the effect 
of increased hours on average unit cost, let the capacity output rate be fixed 
at 10,000 pounds per hour--other specifications remaining as set forth in the 
beginning of this section. With a season of 250 hours, each increase of one 
hour reduces average cost by 1063 cents per 1,000 pounds. With a 500-hour 
season, the rate of reduction is 2.6 cents with each added hour, while at 750 
hours the rate of decrease in average cost is only .75 cent per 1,000 pounds 
with each additional hour of operation. Figure 25 and the preceding discussion 
indicate that economies associated with increased hours of operation per 
season can be relatively large. A substantial portion of such savings, however, 
cannot be realized in some bean~producing areas because of the short harvest 
season. This situation may be relieved by processing other products maturing in 
other periods and using the same types of equipment. Under favorable circum 
stances with respect to raw product procurement and sales, for example, frozen 
peas will serve this purpose in many California plants. 


The Effect of Distance of Haul 


Truck hauling charges in relation to distance were presented in an 
earlier section of this report wherein it was shown that the cost rate per 
1,000 pounds hauled tends to level off as distance from the plant increases. 
The effect of distance of haul on average planning costs will be illustrated 
for plants operating under the following conditions: length of season is 500 
hours; percentage manual grade-out averages 5 per cent; and 70 per cent of the 
total season volume is packed in retail cartons, 20 per cent in institutional 
cartons, and 10 per cent in bulk bags or cases. Estimates of average unit 
costs are obtained by substituting these values for the variables in equation 
(28) and calculating the average planning cost for each length of season and 
distance of haul considered. Average planning costs so computed in relation 
to selected lengths of haul are illustrated in Figure 26 for plants operating 
under the conditions assumed. The figure shows that hauling charges have a 
relatively small effect on average planning costs for distances up to 100 miles. 
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However, some additional costs associated with increases in the length of haul 
were not specifically evaluated and are not shown in Figure 26. These include 
increased costs related to the more elaborate in-field cleaning and icing 
operations that must be performed as length of haul increases in order to avoid 
losses in grade yield and recovery, 


Effect of Percentage Manual Grade-Out 

The effect of the level of manual grade~out percentage on average planning 
costs can be determined with calculations based on equation (28) similar to 
the above. This is illustrated in Figure 27, which gives average unit costs 
with 1, 5, and 10 perrcent manual erade-out.~ Increased cost resulting from 
increased numbers of defective and overmature beans that must be manually 
removed to make a particular grade specification is largely controlled by the 
effectiveness of mechanical quality~grading equipment. Losses in grade yield 
brought about by improper balancing of mechanical and manual quality grading 
could be substantial, however, and are not reflected in Figure 27. 


Effect of Style of Pack 


The proportion of total season volume packed in various size containers 
has an important effect on total and average planning costs. Figure 28 
illustrates this effect for plants packing various percentages of their total 
season volume in retail, institutional, and bulk styles. The curves in Figure 
28 are based on costs computed from equation (28) with the variables specified 
as follows: distance of haul averages 10 miles; an operating season of 500 
hours; and percentage of manual grade-out average 5 per cent. The figure shows 
that total and unit costs--for a given capacity rate of output-—increase 
substantially as the proportion of total season volume packed in retail cartons 
increases, This is primarily due to higher costs of retail packaging materials. 
The heavy lines in Figure 28 define upper and lower cost ranges as proportions 
of season volume packed vary from 100 per cent bulk style to 100 per cent retail 
style. 


1/ Other specified values of the variables in equation (28) are as in the 
preceding examples: 500 hours operated per season--distance of haul 10 miles; 
and 70, 26, and 10 per cent of the total season is packed in retail, institutional 
and bulk styles, respectively. 
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Figure 28. Total and Average Planning Costs Lima Bean Freezing Plants Packing Different Percentages 
of Retail, Institutional, and Bulk Styles for a 500 Hour Operating Season. California, 1958. 
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The cost relationships discussed above and illustrated in Figures 2) 
through 28 have been based on selected values of the variables comprising the 
expression of total annual planning costs given in equation (28). Total annual 
and average planning costs with conditions more closely approximating circum 
stances of individual interest may he calculated by specifying values for the 
variables other than those specified in this discussion. As the allocation of 
unit costs among the various styles and grades may be accomplished by several 
different procedures, meaningful estimates depend primarily upon the individual 
plant and local conditions. Therefore, no attempt has been made to allocate 
total and unit costs synthesized in this study to the various styles and grades. 


SUMMARY 


The major objectives in this report are to: (1) develop estimates of the 
total cost of processing frozen Lima beans with efficient crew and equipment 
organization; (2) determine a basis for integrating field and plant operations 
that will minimize total field and plant costs; (3) show how costs are affected 
by variations in such factors as scale of operation, length of operating season, 
distance of field—to—plant haul, per cent of manual grade-out, and proportions 
packed in different styles of pack; and (4) present this information in such a 
way as to indicate which of alternative methods in certain operating stages 
are most economical in the production of given annual volumes of output. 

For convenience in analysis, field and plant operations are classified 
into ten operating stages and four general cost components (page iP 
Engineering and economic data pertaining to individual operations are used to 
estimate for each plant operating stage the quantities and costs of labor, 
equipment, and other sehvices required in relation toselected rates of plant 
output. The stage-cost estimates are made terms of variabld costs per hour of 
plant operation and annual fixed costs for equipment and other services. These 
costs are used to estimate within each stage the total season cost with different 
lengths of operating season. Comparison of such stage-cost estimates for 
different methods indicates the least-cost method, and the aggregation of stage 
coststhus selected provides a basis for estimating season plant cost for the 
entire field andplant operation. Results of this procedure that indicate the 
effects of a wide range of operating conditions are presented both graphically 
and in terms of "planning cost equations." 

Studies of alternative methods in particular plant stages gave the follow— 


ing indications as to least-cost method. 
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In field vining four methods-——classified according to their degree of 
mechanization-~are analyzed in relation to capacity rates of vining output and 
length of operating season. These include three methods of stationary vining 
and one method of mobile vining. Among the stationary vining methods, the 
most mechanized method—Method C-~has lower annual costs than the others over 
all ranges of capacity and length of season considered. Mobile vining becomes 
the most economical method as the length of operating season increases beyond 
500 hours and the annual fixed charge is spread over a larger total annual 
volume of output. 

Bulk handling and bin handling are the two methods analyzed in connection 
with the receiving, initial cleaning, and quality~grading stage. Studies of 
these methods failed to show any significant cost difference between them. 

Four methods of casing are studied in relation to estimated quantities and 
costs of labor and equipment required at various capacity output rates and 
length of season. The principal variations among the methods studied involve 
the degree of mechanization associated with the case-fill and case=seal operation. 
Method Be-manual fill, mechanical seal--has the lowest cost for casing combi- 
nations of retail and institutional cartons. 

Total annual cost for the separate field and plant processing activities 
are obtained by aggregating costs representing efficient stage organization, 
along with general cost components not associated with specific operating stages. 
The planning cost equation for field operations is obtained by combining the 
equation representing costs of vining with that representing the cost of 
viners—to-plant transportation. The expression so derived is repeated velow.2/ 


TSO, = $3,929 + $2,633(R) + $0.3691(H) + $7.99(R)(H) + $1.40 (1og, ,D) (R) (H) 


1/ The variables in these equations are: 


H) is total number of hours operated during the season. 
D) is distance of haul from viners to plant, expressed in logarithms 
to base 10. 
(P) is percentage manual grade-out. 
(H_) is hours operated per season, retail style. 
(x7) is hours operated per season, institutional style. 
(H) is hours operated per season, bulk style. 


TSC, is total season cost of field and assembly operations. 
Tsch is total season cost of in-plant processing operations. 


fi is 1,000 pounds of capacity output per hour, 
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The planning cost equation for in-plant processing is obtained by combining 

the planning equations representing costs of the individual operating stages 

and general cost components of in-plant processing operations. This expression 
1, 

is:= 


TSC, = $15,353 + $1,870(R) + $27.6177(H) + $18.3142(R)(H) + $0.1110(P) (R) (H) 
+ $32.682(H_)(R) + $19.192(H,)(R) + $h-590(H,) (R) 


Before the above equations are combined into a planning cost equation 
representing total annual costs for over-all processing operations--of both 
field and plant--the least-cost combination of hours operated per season and 
hourly output rates of field and plant operations was determined. For the 
range of operating conditions specified, analysis demonstrated that efficient 
handling of any season volume of Lima beans for freezing calls for plant and 
vining facilities of capacities such that operations are for the maximum numbérr 
of hours available during the season except in cases where the season is 
relatively long and the total season volume relatively small. In the volume 
range excepted, costs are lower with planned plant capacity exceeding that of 
the vining facilities. 

The separate planning equations for field and plant operations are then 
combined to give a planning cost equation for the over-all processing operation 
which closely approximates least-cost integration of field and plant facilities. 
The planning equation so derived is used to demonstrate how variations in the 
variables--size of plant, length of operating season, percentage manual grade- 
out, style of pack, and distance of haul-~affect average and total costs of 
processing Lima beans for freezinge 

The:study indicates that average costs per unit of output decrease with 
increases in the scale of operations and length of season. In terms of plant 
capacity, advantages of increased size are substantial in lower capacity plants 
but become relatively small in plants above 20,000 pounds per hour capacity. 
For any given capacity output rate, relatively large reductions in average 
cost are indicated as the length of season is increased. However, economies 
associated with increased length of season become relatively less important 


for seasons in excess of 750 hourse 
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A considerable amount of flexibility is provided in the design of plants 
synthesized. Inclusion of facilities for temporary storage prior to the blaneh- 
ing operation providessome insurance against hour~to-hour variations in plant 
receipts. Large variations in the proportions packed in the various size 
containers and grades are possible through provision of filling and casing 
equipment capable of handling any given plant "through-put" in either retail, 
institutional, or bulk containers. Although the costs developed in this report 
are based on constant rates of output, the plants are designed with enough 
flexibility to operate efficiently over a range of output rates near the 
optimum. 

Although many Lima bean freezing plants in California have achieved a 
relatively high degree of efficiency, the selection of more economical techniques 
and movement toward increased hours of operation per season and larger plants 
could lead to further cost reductions. While many of the savings could be 
achieved in the short run, some of the cost—reduction possibilities involve 
changes in plant facilities and design which may be economical only as existing 
facilities are worn out and replaced. The material that has been presented 
should provide useful guides of Lima bean freezing plant operators interested 
in planning new or modernized facilities and for firms contemplating 
reorganization and consolidation of plants. 
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APPENDIX A 


Table 1 


Summary of Equipment and Installed Replacement Costs, Lima Bean Freezing Plants, 


California, 1958 





Item 


















































Blanching equipment 
Blanchers 
Type A, 12-foot cylinder 
Type B, 15-foot cylinder 
Type C, 18-foot cylinder 
Temperature controller, dual control 
Varispeed drive assembly 


Boilers 
Heating Capacity, 
Boller hep. Stean surface beans 
Cj square pounds 
feet per hour 


108 


27 932 146 10,000 
50 1,725 270 15,000 
5h 1,863 292 20,000 
Ths 2,153 00 25,000 

437 30,000 










Case-in table, per h-foot section 
Casing machine, 10-ounce, with dump conveyor 
attachment 
Sealer and compressor unit 
Type A, 28-foot compressor 
Type B, 20-foot compressor 
Type C, 12-foot compressor 
Case stitching machine, 12-inch throat 
Stencil table, wheel, and pad 
Tally desk, single drawer 
Glue stand, trough type 
Case materials, shook, glue, wire 
Cases, 2h 10-ounce, |; panels, 2 colors 
Cases, 12 2}-pound, panels, 2 colors 
Glue 
Wire 








Cleaning equipment 
Flotation washers with destoner attachment. 
Type A, capacity 5,000 pounds per hour 
Type B, capacity 6,500 pounds per hour 
Type C, capacity 7,500 pounds per hour 
Cleaner, shaker type, double sieves 
Cleaner, pneumatic 
Type A, 18-inch intake, 3 h.p., capacity 7,500 
pounds per hour 
Type B, 2h-inch intake, 7} h.p., capacity 10,000 
pounds per hour 
Type C, 30-inch intake, 74 h.p., capacity 12,500 
pounds per hour 
Type D, 36-inch intake, 74-10 h.p., capacity 
15,000 pounds per hour 
Type E, h2-inch intake, 73-10 h.p., capacity 
20,000 pounds per hour 










Container filling equipment 
Carton filling machines 
Type A, 10-ounce, capacity 7,500 pounds per hour 
Carton form and close equipment (anmal rental) 
Type B, 10-ounce, capacity 10,000 pounds per hour 
(annual_rental 
Type C, 2h-pound, capacity 12,750 pounds per hour 
Carton form and close equipment (annual rental) 
Bulk tray filler (for tray freeze, IQF), capacity 
10,000 pounds per hour 
Bag filler (IQF bag or case fill, marmally 
operated) 
Cluster breaker, capacity 10,000 pounds per hour 
Hoppers, accumulating 
Type A, lS cubic feet 
Type BR, 108 cubic feet 
Wrappers 
Retail, capacity 7,500 pounds per hour 
Institutional, capacity 12,750 pounds per hour 
Packaging materials 
Cartons, 10-ounce, 5-1/l x 1-3/8 x ) inches; 
0.015 solid bleach, sulphate 
Cartons, 24-pound, oh x 54x 2h inches; 0.020 
special solid, manila 
Bags, 55-pound, plain; miltiwall, 1/0 wax, 
6-inch tuck-in sleeve 
Overwraps, 10-ounce, 5-color print 
Overwraps, 24-pound, 2-color print 





































1,160.00 


1,188.00 
2,698.00 
2,788.00 
3,050.00 
3,136.00 


4,065.00 
1,328.00 


2,115.00 
4,065.00 
1,328.00 
1,123.00 


480.00 
1, 200.00 


175-00 
358.00 


12,125.00 
10,500.00 
9.77 
23.71 
129.00 


4.02 
75h 











each 
each 


each 
each 
each 
each 


each 
each 


each 
each 


each 

each 
1,000 cartons 
1,000 cartons 
1,000 bags 


1,000 wraps 
1,000 wraps 
























Item 








Conveyor equipment 
Conveyor frame, complete 
Belt or mesh type 
Spiral type 
Motor and drive assembly 
1/4 hep. 
1/2 hep. 
3/h hepe 
1 hepe 
3 hepe 
5 hep. 
Box turn and/or converger unit 
Magnetic switch, forward-reverse~stop, push button 
Skate wheel conveyor, 12 inches wide 
Steel roller conveyor, 12 inches wide 
Flume, gei.s, 20 gauge, unseamed 
Belting 
l-ply rubber cannery $0.11 (W)(L) 
3-ply neoprene $0.43 (W)(L) 
Wire mesh drain belt $0.L2 (W)(L) 
Drip pan 
Product pump assembly 
3-inch product pump, including intake tank 
l=inch product pump, including intake tank 
Dewater shaker and return water tank 
Dewater reel and return tank (pick-belt type) 


Tubing and Fittings 4/ 








































Quality grading equipment 

Flotation graders 
Type A, capacity 5,000 pounds per hour 
Type B, capacity 6,500 pounds per hour 
Type C, capacity 7,500 pounds per hour 

Brine mixing and holding tank (salt capacity 
1,200 pounds) 

Brine density controller 

Platform for brining station no, 1 

Pick belts 










Temporary product starage equipment 
Icing equipment 
Type A, 3-h.p. crusher, without blower 
Type B, 3-h.p. crusher, with 10-h.p. blower 
and attachments 
Type C, 3-h.p. crusher, without blower but 
with additional tank 
Scoop shovels 
Temporary storage tanks 
Type A, 700 cubic feet 
Type B, 525 cubic feet 
Type C, 550 cubic feet 



















Vining equipment 
Viner, stationary, complete 
Power fork attachment 
Side delivery conveyor 
Vine feed regulator 
Viner, mobile, complete 
Tractor, 2=plow, with 6-foot detachable loader 
frame assembly 
Truck, 24-ton 
Bins, tote, hix hix l’ 



























length of conveyor in feet. 
b/ Dashes indicate nothing to enter. 


cf See onst date for conveyor equipment. 


af Tubing and Fittinea Ae ee 
Item polyethylene aluminun 
Tubing $ 0.70 $ 1.00 
90-degree elbow 1.90 16.00 
Adapter or coupling 1.7 12.00 
Tee 2.75 3.00 
Valves eet oe ae 
Hangers 0.59 \e! 
heme 0.0 ~-b/ 
Install 2.00 2.00 
Contingencies 10 per cent 10 per cent 


af Computed from above equations in which W is width of belt in ip 


Unit 


foot 
each 
each 
each 
each 
each 
each 
foot 
total cost 


(Contirmed on next page.) 
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Estimated 
replacement, 
cost Unit 
10.30 foot 
14.50 foot 
2h7.00 each 
2h7.00 each 
280.00 each 
347.00 each 
474,00 each 
59.00 each 
1480.00 each 
87.00 each 
5.00 foot 
7.00 foot 
7.00 foot 
yly 
3/ / 
7.00 foct 
695.00 each 
900.00 each 
670.00 each 
375.00 each 
2,589.00 each 
2,889.00 each 
3,189.00 each 
915 .00 each 
bac each 
3.40 6 foot 
wal] e/ 
1,048.00 each 
1, 863.00 each 
1,257.00 each 
5.00 each 
785 .00 each 
665.00 each 
550.00 each 
5,215.00 each 
807.00 each 
280.00 each 
365.00 sach 
12,000.00 each 
2,100.00 each 
2,200.00 each 
1.00 each 
wes und L is 
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APPENDIX A 
TABLE 2 
Summary of Iabor Production Standards for Jobs Performed 


in Processing Lima Beans for Freezing 
California, 1958 


Wage 
Production standard rate 


VINING VINING (continued) 


Operating stage, 
job classification 
and description 


Operating stage, 
job classification 
and description 


Wage 
Production standard rate 


Fork vines: 

Method A--Engage vines 
with hand forks place fork 
load on vine feed conveyor. 


Methods B and C~-Engage 
vines with electric fork; 
place fork load on vine 
feed conveyor. 


Handle lugs: 

Method A--Place empty 
lugs under viner delivery 
ehute, get full lugs and 
dump to main assembly con- 
veyor. 


Method B--Place empty 
lugs under viner delivery 
chute, get full lugs and 
dump to main assenbly con- 
veyor. 


Attend fill: 

Methods A, B, and C-- 
Position empty bin under 
main assembly conveyor 
chute, regulate fill, and 
perform minor housekeeping 
duties. 


Operate lift truck: 
Methods A, B, and C-- 


Unload empty bins from 
truck; get full bins from 
fill station; and load 
truck or set aside for 
temporary storage. 


Operate tractor: 
Methods A, B, and C-- 


Group vines for forkers, 
distribute straw in 
ensilage trench, and spot 
loads of incoming vines. 


Haul vines; 

Methods A, B, and C-- 
Operate truck between 
fields and vining station 
and supervise loading 
from draper loader in 
field. 


Cleanup station: 

Methods A, B, and C-- 
Cleanup or housekeeping 
at stationary vining 
site/s. 


950 pounds 


20,000 pounds 


Cleanup field: 
Methods A, B, C, and 


mobile vining--Pickup vines 
left over from draper 
loaders and mobiles and 
perform miscellaneous taske 
in fields, 


rate mobile viner: 

Drive mobile unit and 
regulate speed for optimm 
pickup and thresh and 
assist in servicing machine 


Attend mobile viner: 

Watch mechanical function 
tioning, assist in loading 
truck, inspect disposal for 
inadequate threshing 
assist in servicing machine 
and may alternate with 
driver. 


Supervision of stationary 


vining: 


Crew supervisor--Place 
and supervise vining crew 
and spot trucks. 


“General supervisor--Over- 
all supervision of field 
and station; coordinate 
viner to plant deliveries; 
collect grower samples; and 
work closely with field 
man with respect to matu- 
rity, time of harvest, etc. 
and with plant manager. 


Supervision of mobile 


vining: 


Supervise vining crev, 
coordinate viner-plant 
deliveries, and work 
closely with ficldman and 
plant management. 


RECRIVING, CIEANING, AND 
INITIAT, GRADING 


Bin handling method: 
Operate JAft truck-- 
unload full bins from 
truck at receiving sta- 
tion, set aside to tem- 
porary storage, load 
empty bins on truck for 
return to viners, place 
full bins on cradle dump, 
operate dump, and return 
empty bins to storage. 


1,050 pounds 


30,000 pounds 


30,000 pounds 


30,000 pounds 


20,000 pounds 





(Continued on next page.) 
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Appendix A, Table 2 continued. 


Operating stage, Operating stage, 
job classification job classification Wage 
and description Production standard rate and description Production standard rate 

[_units per hour | dollars | 


RECEIVING, CIEANING, AND BLANCHING AND SECOND- 
INITIAL GRADING (continued) QUALITY GRATE (continued) 


Attend cleaning equipment Attend grading equipment: 
(field)--Operate flotation Operate flotation graders, 


cleaners, regulate flow of mix brine solution, main- 
product, clean equipment, _ tain proper brine concentra 
and perform minor house-= tion, service equipment, 
keeping duties. 10,000 pounds and regulate product flow. 


Icing bins for intransit VISUAL INSPECTION AND 
storage--Operate ice crush- MANUAL QUALITY GRATE 
ing machine, add ice to 
bins with scoop, and minor 
housekeeping. 


WY 


Inspect beans on inspection 
tion belt for defects and 
overmatures, skins, and 

Attend quality grading pieces and remove defectives 
equipment, plant--Operate and whites. 
flotation graders, mix : 
brine solution, maintain pe ea + 
proper brine concentra- x 
tion, service equipment, number of sorters 
and regulate product flow. 10,000 pounds required 


Bulk hendling method: rate of plant output 
Attend bulk dump--Regu- per hour 
late flow from dump truck 
to receiving tank; regulate 
product flow from shaker 
feed through trash separa- PACKAGING RETAIL AND 
tor, pneumatic cleaner, INSTITUTIONAL CARTONS 
and flume assembly; and 5 
minor housekeeping. 20,000 pounds 


P = percentage grade-out 
by count 


Feed cartons: 

Get flat cartons from 
Attend cleaning equip- ease and place in chute 
ment=-Same as with bin leading to carton forming 

handling method. 10,000 pounds machine. 


Attend quality grading s 10-ounce cartons cartons 
equipment--Same as with 24-pound cartons cartons 
bin handling method. 10,000 pounds Attesdicavbonctiiier: 


Diversion to temporary Operate filler, remove 
storage and in-plant jams, and regulate flow. 
cL Ge Les ay aty nado 10-ounce cartons cartons 
s - a cartons 
temporary storage tanks, 23 pound cartons 
operate ice crusher and Check weigh cartons: 
add ice to tanks with Inspect for proper fill, 
blower attachment, and weigh cartons, and remove 
distribute grades to over-under cartons from 
blanch as required, packaging line. 


BLANCHING AND SECOND- 10-ounce cartons cartons 
QUALITY GRADE 24-pound cartons cartons 


Attend blanch equipment: Tray-off cartons: 
Operate blancher, main- Get empty tray from 
tain proper blanch tem- freezer skid and place 
perature, regulate product on tray-off stand, grasp 
flow through blanch, cartons and slide into 
attend cooling flumes, and tray, and place full tray 
assist in servicing equip- in freezer skid. 
eee Sai carers 10-ounce cartons cartons 


Boller roon attendant: 5~pound cartons cartons 
Fire and regulate boiler, 

maintain proper steam 

pressure, service equip= 

ment, assist in equipment 

repair, and housekeeping. 





(Continued on next page.) 








Appendix A, Table 2, continued. 


* Operating stage, 
job classification 
and description 


PACKAGING RETAIL AND 
INSTITUTIONAL CARTONS 
(continued) 


Wrapper _man: 

Get rolls of overwraps 
from temporary storage, 
place in wrapper, operate 
wrapper, make adjustments, 
and service. 


10-ounce cartons 
2h-pound cartons 


Supply skid for cartons: 
Get skid from tempor- 
ary storage and transfer 
to tray-off station, get 
full skid from tray-off 
station, tally out, and 
transfer to freezing 

tunnel. 


10-ounce cartons 
23-pound cartons 


Su ckaging materials: 


Production standard 


Operating stage, 
job classification 
and description 


Wage 
‘rate 


dollars 


19,500 cartons 
5,100 cartons 


19,500 cartons 
5,100 cartons 


Get cases of flat cartons || 


from temporary storage, cut 
open case for carton feedex 
remove. empty cases and 
trash, get rolls of over- 
wraps and arrange for wrap- 
per man, and minor house- 
keeping duties. 


10-ounce cartons 
23-pound cartons 


PACKAGING, BULK 


Feed trays: 

Get empty tray from 
freezer skid and set on 
power conveyor leading to 
try filler. 


Attend tray filler: 
Operate tray fill hopper 
close and open hand- 
operate gate lever, and 
regulate product flow. 


Tray off: 

Get trays of loose beans 
from filler conveyor and 
set off to freezer skid. 


Supply skid: 

Get empty skid of trays 
from temporary storage, 
truck to trey fill station, 
get full skid of trays and 
truck to freezing tunnel, 
and get skid of loose 
frozen beans from freezing 
tunnel and truck to clus- 
ter breaker. 


19,500 cartons 
5,100 cartons 


200 trays 


PACKAGING, BULK (continued) 


Dump trays to cluster 
breaker: 


Get full tray of loose 
frozen beans from freezer 
skid, dump tray to cluster 
breaking machine, and re- 
turn empty trays to skid. 


IQF fill: 

Get and form bag or case, 
place beneath bulk filler, 
and fill bag and set aside 
for check weighing. 


Check weigh bulk 


containers: 

Get full bag or case, 
weigh on floor scale, add 
or remove product to make 
proper weight, set aside 
to closing and palletizing 
area. 


Set off to pallet: 
Get and close bag or 
case and set off to pallet. 


CASING OPERATION, CARTONS 


Stencil or stamp case: 
Methods A and D--Obtain 
bundles of flat cases from 
temporary sto.cge, remove 
tiine binding, stencil, 
and aside to case form 

station. 


2h/10-ounce cases 
12/23-pound cases 


Form case: 

Methods A and D--Get 
stenciled case from table, 
form, stitch bottom, and 
set aside to case-in sta- 
tion. 

24/10-ounce cases 

12/24-pound cases 


Methods B and C--Get 
flat case from table and 
form, aside to case-in 
station. 


e4/10-ounce cases 
12/23-pound cases 


Dump tray frozen cartons: 
Methods A, B, C, and D-- 
Get full trays from freezer 

skid and dump to case-in 
table or conveyor, return 
empty trays to freezer skid. 


10-ounce cartons 
eh-pound cartons 
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Fee nee 
Production standard | rate 


Punts per hour | dollars 


50 bags or cases 


50 bags or cases 


50 bags or cases 


790 cases 
700 cases 


345 cases 
315 cases 


549 cases 
koh cases 


334 cases 
334 cases 





(Continued on next page.) 
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Appendix A, Table 2, continued. 


Operating stage, 
job classification 
and description : Production standard 
|__units per hour | 


CASING OPERATION, CARTONS 
(continued) 


Fill case: 

Methods A and B--Get 
case, fill with cartons, 
and push aside on case-in 
conveyor 


24/10-ounce cartons 
12/23-pound cartons 


Methods C and D=-Get 
case and place over sleeve 
feed of machine caser, hold 
in place, and operate 
casing machine. 


2l),/10-ounce cartons 


Methods C and De-Get 
case, fill with cartons, 
and push aside on case-in 
conveyor. 


12/: 2$-pound cartons 


Guide cartons: 

Methods C and D--Get 
and arrange 10-ounce 
cartons in single file on 
machine caser lead-in 
conveyor. 




























































Operating stage, 
Wage job classification Wage é 
rate and description Production standard rate 
doll: |__ units per hour | dollars | 





CASING OPERATION, CARTONS 
(continued) 


Seal_and palletize case: 
Methods A and D--Apply 


glue to top flaps, close 
flaps, and set aside to 
pallet. 


2h/10-ounce cartons 
12/23-pound cartons 


Supply casing materials: 


Methods A, B, C, and D-- 
Get case shook from tempor= 
ary storage, hand truck to 
casing station, assist in 
transfer of case material 
among stencil and form 
areas, and minor house- 
keeping. 

Talley out: 

Methods A, B, C, and D-- 
Record number of cases per 
pallet load with respect to 
grade, style, and label. 


IN-PLANT TRANSPORTATION OF 
CASED GOODS AND PACKAGING 
MATERTALS 


lift truck operator 

































576 cases 

































815 cases 























20,700 pounds 


a/ Units per hour in pounds are in shelled weight. 


b/ Wage rate includes driver and truck (contract basis). 
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APPENDIX B 


The Minimum Cost Combination of Hours of Operation and Rates of Output of 
eld a ant Operations in Processi ma beans for Freez 
Equations (26) and (27) representing total annual planning costs of field 
and plant operations were given on pages 78 and 80 of the text. These equations 
can be expressed solely in terms of rates of output (R) and hours operated per 


season (H) by specifying particular values for the variables D, P, H,, H,, and 
Hs that is: 


(26) TSC, = $3,929 + $2,633(R,) + $0.3691(H,) + $A, (R,H, ) 
(27) TSC, = $15,353 = $1,870(R) + $27.6177(H,) + $A, (RQH,) 


where the coefficients AL and A, depend on the values specified for the 


variables D, P, Hs H 


2 
and Hpe 


4? 
As total season volume is defined as RH, = Rol, = q, the above equations 
can be written solely in terms of (H's) and (q), that is: 


(26) TSC, = $3,929 + $2,633(a/H,) + $0.3691(H,) + $A, (a) 
(27) TSC, = $15,353 + $1,870(a/H,) + $27.6177(H,) + $A, (a) 
since R, = a/H, and R, = a/Hpe 


Also, these equations can be expressed as daily cost equations by dividing — 
the constant terms and the coefficients of a/H, » a/Hy » and q by the number of 
days operated per season. For each length of season (number of days operated) 
specified, the optimum values of Hy and Hy and Ry and Ry can be found that 
minimize the combined costs of field and plant operations. The solution 
presented below assumes a 0-day operating season. Solutions for seasons of 
different length are presented later in this appendix. 


c= 98,225 + 6568259 + 0.3691 H, + A,Q 


Cy = 3634625 + 6.7509 + 2766177 Hy + Ap0 
Ho 
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where 


Cc = total daily costs of vining and assembly, 


C, = total daily costs of in-plant processing, 


Q #total daily volume vined and processed in 1,000 pounds 
H, * hours of vining per day, | 


“Hy = hours of in-plant processing per day, 


z, al R, hourly rate of vining in 1,000 pounds, 


Q = R, hourly rate of in-plant processing 1,000 pounds, 


and where the values of Ay and Ay depend on the values specified for the 


variables D, P, Hs H,, and i in equation (26) and (27) 


1? 

With the maximum number of daily operating hours specified at 16 hours and 
a maximum temporary storage allowance of 8 hours per day, the optimum combination 
of daily hours and output rates is obtained by minimizing C = C, + C, subject 


1 EE 2 
to the constraints, that is:— 


By By 


16 


IA IA TIA TMA 


These constraints are graphically depicted in Figure A. Every point on the 
graph corresponds to a pair of values for Hy and Hye Any point inside or on 
the boundary lines of the figure (OABCDE) corresponds to combinations of Hy and 
Hy that simultaneously satisfy all the constraints. 

The solution to this problem is simplified by first assuming there are 
no effective restrictions on daily hours of operation and that Hy and Hy are 
free to vary up to 2) hours per day with no increase in cost rates. In this 


case, equations C, and C, are minimized separately, that is: 


ee’ deb ane hel sap) deb) om bet Or a ee wee, een ee OP ee ae) a a ae ae er me a we See eS eee ae 


1/ As the unit cost of temporary storage operations averages less than five- 
tenth of a mill per pound, the total daily cost function (C = C, + C,) was not 
adjusted for these costs for each of the constraintson and ~“H,. Adjustment 
of the daily cost functions to account for variations in temporary storage 
costs as the constraints vary would have no significant effect on the solution 


Obtained. 
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Figure A. 


LEGEND: 
H,=vining hours per day 
H,= plant hours per day 


Q =daily volume, thousand pounds, 
with optimum rates and hours 
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Hours of plant operation per day (H,) 


Feasible and Optimal Combinations of Daily Hours of Field and 
Plant Operations for Frozen Lima Bean Processing, California, 
1958 
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aC, _ -65.825(Q) 


7 0.3691 s 16) 
qi) a 
qi, a a 


iy = 13.354 VQ 
ee 1.301 f/Q. 


Thus, the loeus of cost-minimizing combinations of H, and H, for alternative 
values of Q is given by the equation: 


H, * 10.26) (H,) 


If Q is allowed to increase from zero along the "expansion path" defined 
by the preceding equation, it is clear that the first constraint to become 
effective is that associated with Hy - Hy = 8 (Point "F", Figure A). The values 
for Hy and Hy 
first becomes binding, are found by solving the pair of equations: 


—-and, consequently, for Ry > Ros and Q——for which this constraint 


H, ~ Hp = 8 


H, * 1026 (H,) 


These equations imply that H, = 8.86, H, = 0.86, and Q = 0.40, and is unreal- 
istic. 

For me values of Q, the cost-minimizing "expansion path#® follows the 
line H, - = 8, In other words, the next step is to minimize the function C 


subject to ea single condition that H, - Hy = 8. 
Let 9=C—2 (H, - H, ~ 8), where 3 - a Lagrange multiplier. 


of _. _ ~ £52825) « 9.3691 4 = 0 
H 


1 
= pier aa + 27.6177 + & =.0 
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This equation can be solved for Hy and Hy by noting that A = H, + 8, 
Rather than solving it explicitly, however, it is easier to specify a point on 
the line (H, oes 8} and use the above equation to find the corresponding Q. 
For example, if Hy is set at 1) hours and H, set at 6 hours, this equation im 
plies that Q = 16.9. 

Movement along this line can proceed with increasing daily volume (Q) 
until Hy reaches its absolute limit of 16 hours. At this point (point "B", 
Figure A), the value of Hy is 16 and the value of Hy is 8. With these values 
on Hy and Hos the daily volume Q implied by the above equation is 28.3. At this 
value of Q, the "expansion path" becomes the horizontal line H, * 16. With 
Hy fixed at 16 hours per day, C can be minimized for Q greater than 28.3 by 
minimizing C, independently, or as derived above, H, = 1.301 VQ, For 
example, if Q = 85.2, the cost minimizing value of Hy is 12 hours. 

As Q increases further, H, can expand to its absolute limit of 16 hours 
(point "C", Figure A), which corresponds to Q = 151.2. No further adjustment 
of Hy and Hy is possible as Q expands and increasing daily volume beyond 
Q = 151.2 can only be achieved with proportional increases in the hourly 
output rates (size of vining and plant facilities), 

The number of days operated per season has an important effect on the 
least-cost combination of daily operating hours and hourly rates of output. 
However, the effect on rates and hours is directly proportional to the length 
of season. With a 30-day operating season, for example, the total daily volume 
(Q) corresponding to point C of Figure A is 113.4, exactly three-fourths of the 
value for Q with a 0-day operating season. Similarly, the daily volume corres- 
ponding to point B is 21.2 (three-fourths times 28.8) for a 30-day season. 
Appendix B, Table 1 gives selected values for combinations of hours and rates of 
field and plant operations for a 30-, l0-, and 50-day operating season on both 
a daily and season basis. 

The development presented in the text, pages 78 to 86 inclusive, assumed 
that daily operation of vining and plant facilities for the full amount of time 
available per day gave results closely approximating optimum combination of 
hours and rates for vining and plant operations. The preceding development 
demonstrates that, under the operating conditions specified, such an approximae 
tion is the optimum except in cases of relatively low daily volumes and relatively 
long operating seasons, 
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APPENDIX B 
TABLE 1 


Minimum Cost Combinations of Hours Operated and Rates of 
Output for Field and Plant Operations in Processing 
Lima Beans for Freezing for Three Lengths of 
Operating Season, California, 1958 


Hours operated i Hourly rate 
e 5 Season t 
volume 


21.254 
4h, 304 
63.890 
86.848 
113.418 
150.000 
200.000 
300.000 
400.000 


28.338 
59.072 
85.186 
115.797 
151.224 
200.000 
300.000 
400.000 


35 .4e3 
73.840 
106.483 
144.746 
189.030 
200.000 
300.000 
400.000 
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